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rSOlNDOUNES, METHOD or USE, AND ^."'^^'^^''^f 

AftMArnmCAL COMPOSITIONS rocdifllMi by TNFa. Uibovich et aJ. [Naiurc, 329, 

PHARMACEUTICAL COMTOMUOmf* ^^^^^^ ^^^^^^ .^^^ ^^pjj^^^ j,,^^ 

CROSS-REFERENCE TO RELATED vessel fonnaxioD in ihc rai corata a ad [be developing chick 

APPI ICATIONS 5 cborioallanloic membranes al veiy low doses and svpgtsi 

TNFtt is a candidate tot inducing angiogepcsis id 

Tlis is s coDtiDualion of Str. No. 09/543,809 fiJcd Apr. 6, in/lamnialion, wound repair, and lumor growth. WFot pro- 

2000 DOW U.S. pal. No. 6^281,230, which is a divisional of ducliod also has been asBOcialed ^iih cancerous condiiions, 

Ser. No. 09/230,389, now abandooed, which is based on particularly induced tawoT& {Ching el al., Brit. J- Cancer, 

PCrAJS97/13375 filed Jul. 24, 1997, which is a cOnliDUa- (3955) 7^ 339-343, and Kocb, Prrjgress in MedicirmI 

lioDofScr.ND.08/69a^8filedJuL24,1996,nowU.S.Pai, Chemistry, 22, 166-242(1985)). 

No. 5,635^17, Scr, No. 08/701,494 filftd Aug. 22, 1996, now j^p^ ^gj, ^[^y^ j jok^ i„ (he area of chronic pulmonaiy 

U.S. Pal. No. 5,798,368, and provisional applicalion Scr. inflainmatory diseases. The deposition of silica panicUs 

No. 60A>48^78 filed May 30, 1997- i^ads to alicosis, a disease of progressive respiralory failure 

„ -.^ «^Dr.^iirrr/M^T i^ caUsed by B fibioiic rtaclion. Antibody lo TWa complci*ly 

DETAILED DESCRIPTION « ^^^^^^^ silica-induccd lung abroris in mice {Pigqct et 

TTie present invention relates io substiroled 2^2,6- ai., Narure, 3«:24S-247 {1990)), High levels of TNFa 

diowpipcndin-3-yl)phlhalimidcs arid subsiiiuted 2-(2,6- produciion (ioihe scrum and in iscilaied macrophages) ha«c 

dio;iopiperidin-3-yl)-l-ojipi5<jjndoliises, the method of been demonstrated in animal models of silica an^ ashcslos 

rcduoing levek of lumor necrosis factor a in a mammaJI induced fibrosis (BissonDciie ci al., injlammation 13(3). 

through the adminislralfcn iherrol, and pharmaocuiiQal com- 329^39 (1989)}- Alveolar macrophages tmm pulmonary 

positions of such derivatives, sarcoidosis patknls have ako been found to spjotaneously 

release ma&slvc qiianlities of TNFa as compared wilh mac- 

BACKGROUND OF THE INVENTION rophage* from normal donors {Baughman el al., 7. Lab, 

T\imor necrosis factor a, or TNFOp is a cytokine which is 35 Clifu Med. 115(1), 36-42 (1990)) . 

released primarily by mononuclear phagocytes in response TNFa is alw impUcated in Ihc inflammatory response 

10 a number imrounosiimulaiors. When admiiustered to which follows reperfusion, called reperfusion injury, and is 
animals or humans, ii causes inflarouiaiioD, fever, caidio- a major cause of lissue damage after loss of blood Dow 
vascular elTecISp hemorrhage, ooaBulaiion, and acute pha.« {Veddcr ci al., PMS 87, 264>-2646 (1990)}. TNFa also 
responses similar to those seep during acute infections and -,0 alters the properlits of entJothcUal ccUs and has various 
shock slalos, E^Kcrssi^e or unregulated T>rPa pioduciion pro-coafiuhnl activities, such as producing 9Q increase in 
Ihii6 has been implicated in a number of disease conditions. ti.wue factor pro-coagulant aclivily and Suppression of the 
These include endotoxemia and/or iQPc abode syndrome aulicoagulani proicin C pathway as well as down-regulaliDg 
{Traccy el at Nature 330, 662-664 (1987) and Hinsha^w et the expression of thrombomodulin {Sbciry et al., /. CtfW 

11 arc. Sht)ck 30. 279-292 (Z990)}; cachexia {Dczube et 35 BioL 107, 1269-1277 (1988)}. WFa has pio-inflammalory 
al.! Lancet, 335 (8690), 662 (1990)} and Adult Respiratory aciiviUcs which logeiher wilh its early production (dunne 
Disureas Syndiome where TNFa CDnoentraUon in cxcrsa of the initial stage of an inflammatory event) make u a likely 
12000 PR/mL have been delected in puhnonaiy aspirates mediator of tissue itijury in several important disorders 
frttfiAHDSpaliente {Millarel al..X^/icer 2(8665), 712-^714 including but no! liroited to, myocardial infarction, stroke 
(19S9)} Systemic infusion of recombinant TNFa also ^ and circulau?ry shock. Of specific imporiance may be 
resulted in changes typicaUy seen in aRDS {Ferrai- TNFa-induced expression of adhesion molecules, 5uch as 
Baliviera el ^UArch, Surg, 124(12). 1400-1405 (1989)}. inleroeUular adbeaon molecule (ICAM) or endotheUal ku- 

■mFaappearsiobcinvolvedinbooeiesoiptiondiaeases, kccy.c «Ih«ion molecule (^^AM) e^^^^^^ cells 

including aiUirilis. When aclivaled, kultocylcs will produce {Munro ei al.. Am. J. Pmh, 135(1). 121-132 (1989)^ 

bonc-resorplion, an activity lo which tbc data suggest TNFa *s TNFa blockage with monoclonal anli-TNFa antibodies 

conlribulfcS. (DertoliDi el al.. Nature 319, 51(^518 (1986) has born sbowr, lo be beneficial a itcumato^^^ 

and Johnson el al., Endocrinology 124(3), 1424^1427 {Elliot ei al.,/nr. J. Fharmac. 1995 17(2). 141-145} and 

(1989).} TNFa a3so has been shewn lo stimulate bone Crohn's disease (von DuUemcn ei al., Gasirventcrology, 

rcsofplion and iohibil borw forraalion in vjtro and in vivo 1995 109(1), 129-135). 

through siimulaiion of osleodasl formalion and activation 50 Moreover, ii now is known Ihai 'IWa is a poienl activator 

combined with inhibition of osieoblasi fuodion. Mhough of rcirovimsrcplicaiion including aciivaiiouof HIV-J. {Duh 

TNFa may be involved in many bone rcsorplion diseases, claL^Preir. A^or. A cfl^.5ei. 86. 5974-5978 (1989); FoUetal, 

including anbrilis, the moalcompeUing link with disease is r/oc. Nat. Acad. Sci. 87, 782-785 (1990); Moolo ei al, 

(he association between production of TNFa by lumor or /?W 79, 2670 (1990); Clousc tl al., J. Immunol )42, 

host listucs and malignancy associated bypcrcalcemiu S5 431-438 (1989); Poll el al., AIDS Res. Hwn. Relrvvirus, 

{CaicL Tm-uelnt, (US) 46(Suppl.). 53-10(1990)}. In Orafi 191-197 (1992)}. AIDS resnlu frtDn, the infection of T 

versus Hcfil Reaction, inciea^ed scrum TNFa levels have lymphocylss with Human ImmunodfeGciency Vinis (HIV), 

been associated with major complication following acute At least ihree types or sirains of HIV have been identified, 

allogenic bone marrow uansplants {Holler el al.. lihod^ i.e., HJV-1, HIV-2 and ll]V-3. As a con.scqucnce of HIV 

75(4), 1011-1D16 (1990)}, 60 infection, TnCell mediated immunity is impaired and iofecicd 

arcbral malaria is 1 lethal hyperacute ncuroJogical syn- individuals manifesi seVDrc oppnriunistic infeciions and/or 

diome associated with high Mood levels of TNFa and the unusuaV ncopJasm.s. HIV entry into (he T lymphocyte 

most severe CdmpUcation occurring in malaria palicoL?. requires T lymphocyte aciivaiiDn. Oiher vmiscs, such as 

Levels of scrum TNFa conelaied directly wilh the severity HlV-1, HI V-2 infect T lymphocytes after T ceU acuyatioo 

of disca.se and the prognosis in palienls wilh acute malaria 65 and such virus proicjn cjipreasion and/or replicaUon is 

aiiacks {Grav ct M F^ngi J- Med. 320(24). 1586-1591 mediated or mainiained by such T ceU activa\ioQ. Once an 

^jgggjj.* activated Tlyttiphocylc is infected with HIV. the Tlympho- 
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cylc must coniinuc lu be m^lainftd in aciivMed slate \o 
permit HIV geoe expression add/or HIV replicAUoa. 
CylokiDcs, specifically TNFa, are implicalcd in acu'valcd 
T-«clI mediaied IllVprolcin expression and/or vinis rcpli- 
c^ioD by playing; a role ia maioiamlag T lymphocyte 
aclivalion. Therefore, mierfcrcDce wiih cytokine sdiyjLy 
nuch hs by prcvcnuon Of inhtbilioD of cytoldnc pTodudioo, 
aoLably T>fFa, in an HIV-infecied individull assists io 
limiiing ibc maiDieaancs of T lympbocyic caused by HZV 
infeetioa. 

Monocyies, macrophages, aDd related cells, such as 
kupffer and glial ceils, also b»vo beeD implicalcd m main- 
(cDaace of ibc HIV iofectiofi, These cells ^ T cells, arc 
targcLs for ^iral repliciQon and the level of viral replication 



shock, septis, cDdoloicic shock, grafi versus hosi disease^ 
v^a&iing, Crohn's disense, ulceralivc coliUs, multiple 
sclerosis, sysicmic lupus oryttircmaiosis, ENL in leprosy, 
HIV, AIDS, and opportunisiic infeciioos in AlDS.TWci and 
NFkB levels arc influenced by a reciprocal feedback Icxjp. 
As oolcd above, ihc compound e of the present bvenlion 
affect the levels of both TWa and NFicB. 

Many cellular fuiK^iions are mediated by levels of adcnos- 
inc 3',5'-cyclic monophof^halc (cAMP). Such cellular func- 
tions caD ccnLribuie lo Infiammatory coDdirigns and disease^ 
iDcludiDg asthma, infiainnian'on, and Other condilion&(Lowe 
and Chtn^, Drugs of the Future, 17(9), 79^07, 1992). U 
has been shoWQ Ibat ibc clevalion of caMP id inflammatibTy 
leukocytes iohibil^ their aClivaiion and [he subsequent 



is dependenl upon the aciivBiioa slate of the wlls- {Rosen- 15 of iDflammatory medialois. including TNFa and 



berg ct bI, The hxmuncpaiho^nesii Of HIV Infectiont 
Advances in Immunology, 57 (1989)}. CV^okines, such as 
TNFa^ bavp been $hown to aciivale HIV replication in 
[DODOcyies and/or maaropbages {Poli el al., Proc. Natl, 
Acad. ScL, 87, 782-784 (19^)). therefore, prcvenlioD or 20 
iabibitigo of cyiolcioe produdion or activity aids in limiting 
HIV progiessioD for T cells. AddiiionaJ studies have iden- 
ii3cd TNFa a common factor in (he activalioo of HIV in 
vitro and has provjded & clear mechanism of action via a 
nuclear regulatory protein found in Ibc cytoplasm of acih 25 
(Osbom, ot al., Was 86 2336-2340). This evidence sug- 
gests tbal 9 rcduclion of TNpa symbesis may have an 
aDtiviral ciFcct in HIV iofeeiions, by reducing the trnnscrip- 
lioo and ihus vinis productioD. 

AIDS virti replication of latent HIV in T cell and mac- jo 
rppbage lisci Can be induced by TNFa {Folks e( al., FNAS 
86, 23C5-236S (1989)). A molecular mechanism for the 
vims inducing acliwiiy is suggested by TNFa's ability to 
activate it gcoc regulatory protein (NFicB) found io the 



NFkB. Increased levels of cAMP also [cads Iq the relantioD 
of ftirway smooth muscle. 

Decreasing TWa. levels and/or increasing caMP levels 
thus constlhiies a Valuable therapeutic strategy for the treat- 
rocnl of many inflannnatory, infectious* immunological, and 
malignant diseases. These include buL are not restricted lo 
septic shock, sepsis, cndoioxic shock, hemodynamic sbodc 
and sepsis syndrome, post ischemic icpcrfiifiion injury, 
malaria, mycobacterial infeciion, meningitis, psoriasis, oon- 
gcsiivQ bcart failure, Abrolic disease, cachexia, graft 
rejection, oncogenic Or cancerous conditions, asthma, 
autoimmune djVasc^ opponunisiic infections in AIDS, rheu- 
matoid arthritis, rheumatoid spondylitis, ostcoanbritis, other 
urlhriiic conditions, Crohu's disease, ulcerative colitis, mul- 
tiple sclerosis, systemic lupus erythrematosis, £NL in 
leprosy, radiation damage, oncogenic conditions, and hypcr- 
OX3C alveolar injury. Prior efforts directed to Ihc suppression 
of Ihc effects of TT^fFa havp ranged from the ulilizalion of 

sieiotds such as dexaameihisoue and prcdoisolone lo the use 



cytoplasm of cells, which promotes HiVrepUcatioD IJir^ 35 polyclonaj and monoclonal Antibodies {Beuiler el 

binding lo a viral regulatory gene sequence (LTR) {Osboro * « 1^ vv - 1^ 
ei al, PNAS 66, 233G-2340 (1989))- TNFa in AIDS asso- 
ciated cBchena is suggested by elevated serum TNFa and 
high levels of spontaneous TNFa production in pen'pbcral 
blood moaocyies from paticncs {Wright ct al., / Immunol ao 
141(1). 99-MI4 (1988)}. TNFa has been implicated in 
various roles with oiher viral infections, such as the cyiome- 
galia vims (CMV), influenza viius^ adenovirus, trnd the 
hcipcs family of viruses for similar reasons as thofic noted. 

The-nuclear-iacior tcB (NFkB) is a pleioiropic transcrip— 4^ 
tional activator (Lenardo, el ai, CtU 1989, 58, 227-29). 
NFkB ha>5 been implicated a.% a iraDfiOriplional activator in a 
variety of disease and inflaminatory slates and ts thought to 
regulate cytokine levels including but not limited to TNFa 
and also lo be an activator of HIV transcriplion (Dbaibo, et 50 
al.p J, Biol. Chem. 1993, 17762-66; Duh el al.,/*roc. Nail. 
Acad. Sei. 1989, 86,. 5974-78; Bacbelcrie ei al. Nature 
1991, 350, 70y-12; Bawas ei al., J. Acquired Immune 
Deficiency Syndrome 1993, 6, 778-786; Suzuki el al.. Bio- 
chem. And Biophys. Res, Comm. 1993, 193. 277-83; Suzuki 55 
el al., Uiocheni. And BhphyS, Ret Comm. 1992, 189, 



ai., Jdtfiice 234» 470-474 (198S); wo 9^11383}. 
DETAILED DESCRIPTION 

The present invention is based on Ibe discovery lllal 
certain classes of ooopolypcptidc compounds more fully 
described herein decrease the levels of TNFo. 

In particular, the invention pertains 10 (i) compounds of 
the formula: 




1709-15: Suzuld ei al., Biochem, Mol Bio. Inf. 1993, 31(4), 
093-700; Sbakhov et al., Pn?c. Natl Acad Set. USA 1990, 
171, 35-47; and Siaal ct al., Prac. Natl Acad. Sci. USA 
1990, 87, 994>-47). Thus, inhibition of NFkD binding can 60 
regulate Iranso'ipiion of cyloldne gene(s} and ihrougb this 
modulation and oihur mechanisms be useful in the inhit^ition 
of a multitude of disease stales. The compounds described 
herein Can inhibit the aciion of NFkB in the nucleus and thus 
are useful in the ircalmcnl of a variety of diseases including 65 
but not limivcd lo rheumatoid arlhriLis, rheumatoid 
spondylitis^ ostcoarthnitis. Other arthritic conditions, septic 



in which: 

one of X arid Y is C^O and the other of X and Y is C=0 
or CH^; 

(i) each of R'p R^, R^, and R", indcpcDdcntly of the others, 
is halo, alkyi of 1 10 4 carbon atoms, or allccisy of I lo 
4 cartion aioms or (ii) one ol R' , K", K^, and 

R' is — NIIR' and ihe remaining of R', R^, R^ and li* are 
hydrogen; 

is hydrogen or allcyl of I to S carhnn atoms; 
R*^ is hydrogen, alkyl of 1 to S carbon aioms, benzyl, or 
halo; 
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provided ihaL is oiher ih&J bydrogco if X and Y arc 
C=0 aq6 {i} eich of R', R^, R^ and R^ is fl\ioro or (ii) 
ODC of B^, R^, or R" is amino; aad 

(b) the acid addiiion sails of said compounds which 
contain a nilrogco aiotn capabte q[ being ptDionaied. 

A prtfdntd group of compounds are those of Fonnula I in 
which each of R^, R^^ and K\ indcpcndcnlly of the 
olfacrs. is, balo, allcyl of 1 to 4 carboa aloms^ or alkoxy of 1 
to 4 carbon aLpms, and R^ is hydrogen, melbyl, elhyl, or 
propyl, A second preferred group of compounds arc those of 
Formtila I In ^hicb oa£ of R\ R^^ R^, and i&^NII^j Ibc 
remaining of R^ R*, R', and R' arc hydrogpDi and R* is 
hydrogen, methyl erhyl^ or propyl, 

Unless qthenviiie definftd^ ibe Urm alkyl d6D0ies a Uni- 
valent lialuraEcd branched Or siraighl hydrocarbon chain 
conUining from 31 to H carbon aloniK. Reprcscnlativc of imcb 
alkyl groups arc methyl eihy], propyl, isopropyl, butyl, 
zsobuiy], scc-buly], and icri-tniiyj. AJXoxy refers to an Mkyl 
group bound to Uie remainder of ibo molecule thtougb an id 
ethereal prygen aloro. Repre££nlaifve of aueb alko^ty groups 
ire rncihoxy, ciboxy, prupoxy^ isopropoxy^ buioxy, 
i&obuioxy, sec-buloxy, and (ert-buloxy. Preferably R^ R^, 
R^ and R" are chloro, fLuoiO, meibyl or metboxy. 

Tbe compounds of Formula I axe used, under the super- 
vision of qualified profe&siooals, 10 inbibil the undesirable 
cflcvls uf TNFa. The compounds can be administered oraIly> 
recta lly, or parenterally, alone or in conibi nation wilb other 
therapeutic agents including antibiqtjcis .<tlcrQids, etc, lo a 
roaniRiHl in need of treatment -3° 

iTie compounds of ibe pitseni invention also can be used 
lopically in ibc ueatDCDl or prophylaxis of topical disease 
stales mediated or exacerbated by excessive TNFa 
production, respcdively, such as viral infeclions, such a? 
those cau^d by ihe htrpcs viruses, or viral conjunciivitis, 
psoriasis, atopic dermatitis, etc. 

The oompouads also can be used in the vfiterinafy Ireal- 
mcnt of (pammals olhcr than humans in need of pievcotion 
Or inhibition of TNFa productioo, TNFa mediated diseases 
for treatmem, therapeuiicalty or prpphyJaciicaUy, in animals ^ 
include disease slates such as those Doled above, but in 
particular viral infections. Examples include fcUnc immu- 
nodeficiency virus, equine iDfectious anaemia virusp caprine 
arthritis vims, visna virus, and maedi Vinls, as well as other 
Icntiviruscs- 

Compounds in whidi one of R\ R^, R^, R* is amino and 
R^ and R**- as wpU as the remainder of R\ R', R*. are 
hydrogen^ as for example, lf3'dioxo-2-(2.6*dioxopjpendin- 
3-yl)4-ain)nQisoindolinc or l,3-dioio-2-(2,6- 
dioxopipcridin-3-yl)'5-imiooi.soindoJine arc Icnown. Sec. 5o 
e.g., Jonsson, Acta Pharma. SuecJeu, 9, 521-542 (1972). 

The compounds can bp prepared using methods which arc 
Icnoom in general. In particuhr^ the compounds can be 
prepared ibrough the reaction of 2,6-dioxopipcriciin 



-continued 
o 



The substiiuied ben^oate inlermedi&les are )uio>vn or can 
be obtained though conventional poccses. For example, a 
lower alkyl ester of an ortbo-toluic acid is brominatcd wi(h 
N-bromosuccinimide under the influence of light to yield the 
lower aUgrj 2-bromomeibylbenzoaie. 

Alternatively, a d>aldebyde h a]jowed lo react wilh 2,6- 

dioxopiperidiD-3-ammQDium chloride; 




OTP 



In a further method, a dialdehyde is allo^rcd to react with 
glulamioe and the resulting 2'^ l'0?EQi-<toindolin-2-yl)gluta He 
acid then cycU^cd ro yield a l-oxo-2-(2,6™diaiopipcridiD-3- 
yl)-isoindoiine of Formula I: 




CONK, 




Finajjiy, an appropriately substjiuLed phthahdimide inicr- 



-3-ammonium chloride, and a lower alkyl ester of " mediate is selectively reduced: 
2-bromomcibylbcnzoic acid in the presence of an acid 
acceptor such as dimethyl a mi nopyri dine or Iri ethyl amine. 




CHzBr 




Amino ronipounds can be prepared Ibroueh catalytic 
bydrogcnaiion of ilic corresponding niiro coinpound; 
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acici, cartanc acid, dtaceiyilariaric ^tcid^ j»a)ic acid, 

o pyiroHdonc-S-carbD^ytic acid, aod Lbe like, ^nd rhen freeing 

R* y one or both of ibc resolved bases, opiiorwUy repeating (he 

^ V.X^v^j^'^ process, so as oblain eilher of both subsl^nlially fret of ihe 

_ / f I 5 cto; i.e., in a form having an optica] purily of ^95%. 

^ ^-^'W. prescDl invcDlioD ahio penaios lo (he pbysiologicaHy 

^ acceptable oon-lojic acid addition sal($ of ihe compounds of 

Formula I. Such saJis include those derived from oisanic Bnd 

TTie nitro inlermediaics of Formula tA are known or can inorganic acids -^ch a.s without liojiunior*. hydrocbjonc 

be obtained though convcriipnal processes. For example, a 2° acid, hydrobromic acid, phosphoric acid, SUlfUnC add, 

hiirophtbalic anhydride is allowed lo react «wiih meibaoesulpbonic acid» acetic acid, tartaric acid, lactic acid, 

a-arnirOglulariiDide hydiocUoride {allcTDalively named ai succiov: acid, dtric acid, malic add, malcic acid, sorbic 

2,6-dioxopiperidin-3-ylammQoiUDi chloride} io the pres- acid, aconilic add, salicylic acid» phlhalic acid, cmbom'c 

ence of sodiurn acetate and glacial acetic acid to yield an acid, c^oaDlblc acid, and tbc like, 

intermediate of Formula lA in which X and Y are both is The compos] tjpn^ preferably an: fpixmjlated io unit dos- 

0=0. nge for, meiniiig physically discrete uoiis suitable a 

In a second route, a lower alkyl t^x^T (if miro-ortho-ioluic uoilary dosage, or a predetermined fractioQ of a uoitary dose 

acid is broiuiaalcd ^ilb N-bromosucdnimidc iiodcr ibe m be adminLsien^d in a Mngk or mtiUiplc dosage regimen Lo 

inUueDcc of light lo yield a lower alkyl 2-(bxomo methyl) huiDsu subjects and other mammals, each unit coniiiaiDg a 

nilrobejizoaic. This is allowed lo react wjih 2,6<' 20 predeiermiocd quamity of active material calculated to pro- 

dioxopipeiidiD-3 -ammonium chloride in. Cor example, dim- duce ifae desired therapeutic effeci iq assodatioD with a 

clbylform^midc the prcscocc of IriBlbyUmioe lo yield an suitable pbarmacemical excipienl The compositions can be 

interinediale of Formula II in which ooe of X is O^O ftod formulated so as to provide an immediate, sustained or 

ibe other is CH^. delayed relea&e of active ingredient after admimsirauoo to 

AJleniilivuly^ if one of R,, R;^ R3, and is pTOiecled is the patient by employing procedure?; well Jmowti ia the art. 

amino, ibe proieciing group can be c]eavcd lo yield the Oral dosage forms include I able Is; capsules, drag^es, and 

correspoDdieg compound in which one of Rj, R;^ R,, and R^ similar shaped, comprcssod pharmaccuiic^l forms oontain- 

is amino, i^otccling groups utilized berein denoie groups ing from 1 lo 100 mg of drug per uait dosage. IsoLooic saline 

which generally arc not [bund in the final Iberapcuiic solulioQS conlaioing from 20 lo lOO mg/mLcito be tiscd for 

compounds bm which arc juicniionally introduced ai some ^0 pattnieral admini&iraiion whidi includes inuamusfrular, 

stage of the synthesis in order to proicd groups which intraihccal, imravcnous and itiim-ancrial rottlcs of admin- 

otherwise might be altered )D Ibe course of chemical islralion. Rectal administration can be e&ctcd (hruugh the 

f-^' mauipuiaiions. Such proiecmg groups ar6 rtmoved at a later use of suppodtories formula led from oonvcniioDal cAfhcrs 

, Stage of (he synlhesis and compounds bearing such protect- such as cocoa butter. 

'^^ isxg groups thus are of imporlanoe primarily as chemical 35 Pharmaceutical compositions thus comprise one or more 

yl iatermsdiates (although some derivatives also exhibit bio- compounds of the present imrcnijon as^^ociaicd wjth at least 

logical aclivily). Accordingly the precise structure of the one pharmaceulically acceptable Carrier, diluent or e;rcipi- 

pioicciiztg group is ool critical. Numerous re^iioos for the cni. In preparing 9uch compt^iiions, the active ingicdicois 

formation and removal of such pToiectiag groups ate areusually mixed with or diluted by an exdpieni or enclosed 

described in a number of standard works including, for 4o within such a carrier which can be in the form of a capsule 

'"^^ example, "Proieciivo Groups in Orgamc Chemistry'*, Ke- or sachet, When Ihc cxcipicDt »rves as a dUiient, it may be 

nvm It^ress, LoDdoo ^od Nc^r YorJc, 1973; OrecDCf Tb, W. a Sob'd,semi-solid> or liquid material which acts as a vehicle. 

"Proiiiciive Groups in Organic Synthesis^'. Wiley, New Yorkf carrier, or medium for Ihe active iogredicDl. Thtis^ the 

Jt981; '*The peptides''. Vol I, Schroder aod Lubkc, Aca> compositions can be in ihe form of tahlcLs pilbi, powders, 

S:^-^ . — dfemucilreii^.l^adon^axidJ>fewJyQT)^r4^^^-iiMcthoden der <s clixir&y suspcbsioDSy cmulsioovsoliilionsr^f^'^ft'^i'd— 

organischen Chemic". Houben-W^yl, 4tb EdtU'oo, VoMS/l, bard gdatin capsules^ suppositories, sterile injcclabJe solu- 

Ceorg Tbieme V^rlag, StuUgan 1974^ the disclosures of tions and sterile packaged pcwdeis. H^amples of suitable 

which are incorporated hereia by refercQoe, An amino group cxcjpienls include lactose, dextrose, sucrose, sorbitol, 

can be protected as an amide utiliadng an acyl group which manniiol, starch, gtim acacia, calcium silicate, microcrys- 

is selectively removable under mild coadiciofis, especially so lalline oellulo&e, poIyvinylpyrrolidiDODc, cbUoIosc. water, 

bcDzyloxyca Ebony 1, formyl, or a lower alkanoyl group syrup, and mcibyl cellulose, the fonnulaiions can addition- 

v^hich is branched in I- or a position to ifac carbonyl group, aUy include lubric&iiog agents such as lalc^ magoesiium 

pariicularly tertiary aUcanoyl such as pivaloyi, q lower sicarate and mineral oil, wdiinR agenu, emulsifying and 

alfcanoyl group which is substituted is the position a to the suspending agcnUS prc^scHng agents such qs methyl- and 

carfxinyl group, as for example triiluoroacclyl. 55 propylhydroxybcnzoales, sweetening agents or flavoring 

The compounds of the pceseni invent ion possess a center agenLs. 

of cbiraliiy and can exisr as oplicnl isomers, Doih the The following examples serve lu further typify the 

racemalcs of these isomers and the individual isomers nature of this invcoU'os bul should not be construed as a 

themselves, as well as dia.¥Lercomers when ihcrc arc two limitation inibe scope thereof, which scope is defined solely 

chj'ral centers, are within (he scope of the present inveoliofi. 60 by the appended claims. 
The raccmalcs can be used as such or can be separated into 

Iheir individual isomers mecham'cally as by chromatography EXAMPLE 1 

usiing a chiral adsorbeol. AlLcrnatively, the individual 150- , , t\-^— e-i t .v«« - ^ -a- 1 »\ e 

from a mixture by formme sails vilh a chiral acid, such as 65 

the individual enBnliomers of tO-caniphorsuIfonic acid, A muclure of ],3-dioto-2-(3.6-diOxopiperidin-3-yI)-^- 

csmphoric acid, a-bromocamphoric acid, melboxyaccLlc nitroisoindolinc {alternatively named as N-(2,f^' 
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dwxopiperidin-3-ylH-nilTOpblbaUimdc} (1 g, 3.3 mmol) convenliooal brotninaUon with N-brorngsuccinimidc imrfcr 

and 10% ?d/C (0,13 g) ia lv4-dioxane (200 mL) wan ihe influence of ligbl. 

bydrogcMted al 50 psi for 6^ hourt. The caialysi wbs EXAMPLE 1 

fiUcrcd ibiDugh Cclilc snd Ihc fiUraie conceniraied in vacuo. ^"^^ 

JIk residue was cryslallized from ethyl accLatc (ZO mL) lo 5 lwOxo-2-(2,6-dic>)K)pipcridin-3-yl)-4^,6,7- 

give 0.62 B (69^) of l,S^oxo-2-(2,6^iojEopiperidin-3-yl)- Iclrafluoroisoindolino 

S-aminoisoindolioe {allernBlivcly Daffiod as N-(2,&- ^ , , ^. . n 

dioxopiperidiD .3.yl).4.atoiflOphihaliinidc} as an orange A mixture of 16.25 g of 2^dioxop]p*fidiiiO-ainmo^^^^^ 

solid RecryslaUizalion from dioranc/clbylaoetalB gave 032 chloride, and 30.1 g of mtlhy 2-broniomcthyI-3A5,6. 

e of yellow soUd: mp 318.5-320.5' C; HPLC (nova Pak lo Iciraflnorobcnwaic, and 12.5 g of incthyliimioe in lOO mL 

O 8 15/85 accioQiirileyo.l^H^PO,) 3.97 tnin (98.22%). of dimclliy]formaiiiidB is siirred ai room leniperaiurc fpr 15 

NMR (DMSO B 11.08(^ IH), 7.53-730 (d, J-$.3 Hz, hours. The mixrure U then coBosDirawd in vacuo dml ihc 

1H\ 6.94(s, IH), 6.S4^.81(d, J.8.3 Hz, lH)p 6.55(^2H), residue mixed *ilh melhyknc chlondc aiwi w^ur. TTie 

5^5-4.98(01. IH). 2.fi7-1.99(in 4H); NMR (DMSO-dJ aqtieous layer 15 separated and back<Xirac|cd v,ib irieibyl- 

& 172 7917016 167.65, 167.14, 155,13. 134.21, 125.22* iS cne chloride. The combifled meihylcne cWondc solutions 

116 92, 116.17, 107.05, 48.58, 30.97, 22.22; AdbI Calcd for are dried over roagnc-siuni sulfate and conccnlraled in vacuo 

CiaHnN^O-; C 57.14; M» 4.05; N, 15.38. Found: C, 5652- l<i give l-oxo-2-(2,6-digxcpiporidiD-3-yl)-4,5,6,7- 

H 4 17- N 14.60. icUafluoroisoiDdoline. 

Id a similar fasbioo from loxo-2^2,6didXdpipcridin-3- In a simUai fashion l-oxo^2-(2,6^ioMpipcridin-3.yl)-4. 

yI)-5^iin»isoindolipc, l-o3rp-2-(2.6-dioxopipciidiDO^yI)4- ^ 5,6,7.ic(rachloroi5oiDdolinc, l-oxo"2K2,6^ioiopipendin- 

niifoijwindoline. l.QXo-2-(2,6-dio3ropiperidjn-3-yJ)-6- 3.yl)^4,5p6,7^telranielhylisomdDhDe, and l-oxo^2-(2,C. 

niiroisoiDdolioe, l-ono-2-(2,6.dioxopipcridiD"3-yl).7^ dioxDpipcridi^-3-yD-^,5.6.7^^c^^amc^hoxyIsomdolIne arc 

nUraisoindolifle, aad l,3.dioxo-2-(2,6^ioxopipcridiD-3-yO- obiaioed by subuiuuiipg equivaicol amouDis of 

4-Dilroisoindolinc, iherc is respectively obtained l-oxo-2- 2-broinomeihyl-3,4,5,GMcirachlorobenZoalc, 

(2,6-dioxopip<;ridin-3-yl)-5-aminoi&oindol[nc, l-oxo-2-(2, 2S 2-bromomelhyI-3,4,5,6-leiram6lhyIbcn7.oaie, and 

6.dioxopiperidin-3.yI)-4.aminoisoiDdoline, 1 -oxo-2-(2,6- 2-bfonioineihyl-3,4^^-lelrainetho^bcDZ0>le, rcspech^ely, 

dioiopiperidin^3-yI)-6-amiBoi&oindaline, l-oxo-2-(2,6- for 2'bmroomelbyl-3.4^.6.ietrifluorobefl2oaie. 

dioxopipefidiD-3-yl)-7-aininoisoindolinc, and 13-4ioxo-2- EXAMPLE 4 
(2,6-dioxopiperidm-3-yl)-4-aininoisoiodoliOC, respectively, 

upon hydrngoDalion, ^ tfl-Bcnzyloxycarbonyl-a-meihyl-Blutamic Acid 

EXAMPLE 2 To a stirred soluiion ofa-meihyl-D.L-gluUinic acid (10 g, 

, - J. , ^ 62 mmol) in 2 N sodjura bydfoxide (62 mL) u 0-5* C. ^its 

l,3-Dioxo-2^2,6-dioXOpiperidin.3-yl)-5- ^^^^^ ^^^^ chlomfftrinalc (12.7 g, 74.4 mmd) over 30 

miroisointlolinc ^j^j^ ^^^^ addition was complcic ihc reaciioo mixture 

A mixture of 4-Biirophlhalic anhydride (1.7 g, 8.5 mmol), was stirred al room woiperaiure for 3 bouis. During ibis time 

a-amiooglularimidc hydrochloride (1.4 g. 8.5 rorool) apd the pH was maintaiDcd ai U by addition of 2N sodium 

sodium acetate (0.7 g, 8.6 mmol) in glacial aceiic acid (30 hydroxide (33 mL). The reaction mixture was then e^iracied 

mL) was hsBicd under reflux for 17 houis. The miaiure was with ether ($0 mL)- Ibe aqueous layer was cooled in an ic* 

codcedlraled in vacuo and ifac residue *V4S stirred ^ilh « balh »nd then acidified with 4N hydrochloric acid (34 mt) 

meihylewf chloride (40 mL) and water (30 mL). The aque- 10 pH-1. The resulting mixture was extracted wiih elhyl 

ous layer wis separated, extracted with meihyjcnc cWoride acetate (3x100 mL). The combined ethyl aeeuie cxlracis 

(2x40 mL). The oombined melbylenc cWoride solutions were washed with brine (60 mL) and dried (MgSO^). Tbc 

were dried over magnesium sulfate and conccniraled in solvent was removed in vacuo to give 15.2 g (83%) of 

vacuo lo give 1.4 g (54%) of l,3dioxo.2-(2p6- 45 NJaenzyloiycarbonyl-d-mclhylgMamic acid as an oil: *H 

dioxopipcridin'3^yI)-5'Ditroisoindoline as a light brown NMR (CDQJ 5 S.73(m, 5H), 5.77(b, IH), 5.09(s, 211), 

solid. An analyucal sample was obtained by rccry^ialliy^lion 2.45-2.27(rn, 4H), 2.(Xs. 3H). 

from methanol: rap 228-5-229.5" C; *H NMR (DMSO-dJ jn a similar fashion from a-elhyl-D,L-gIuiamic acid and 

6lM8(s.lH);8.69-8.65(d,d J-1.9aod8.0nz,lH)»8^6(d, a-propyl-D.L-glutamic acid, there is obiained 

J-a.9 Hz, 1^6^ 8.21(d. H-8.2 Hz, III), 5.28(dd, J-S-S and 50 ^f-bcnEyloxycarbonyl-a^elhylBluUmic acid and 

12-8 Hz, IH), 2.93-2.07(m, 411); "C NMR (DMSO-d^) a N-bcnzylciiycBrbonyl -a-propylfihilamic acid, respectively. 

172.66, 169.47, 165-50, 165.23. 151.69, 135.70, 132J0, r^^^^^r^rr c 

130.05, 124.97, 11834, 49.46,30.05, 21.79; Anal. Calcd for EXAMPLE i 

C„H^,0.: Q 51.49; 2.99; N, 13.86. Found: C, 51.59; N-Bcn7yloxyc3rbonyl-a-melhyl-Bluta.mc 

H, 3.07; N, 13.73. . . Anhydride 

l-Oxo-2-(2,6-dioxopipeTidin-3-yl)-5-niiroisomdoline, 

l-oxo-2.(2.6-dioxopiperidin-3-y|)-4.nilroisoindoliDC, A .^Hired mixture of N-ben^yloxycarbonyJ-a-meihyl- 

1- oxo-2-(2,6-dio«op;peridin-3.yl).6*DiiroisoiodoUne, and glutamic acid (l5 g, 51 mmol) and acetic anhydnde (65 mL) 
l^xo-2H(2,6^dioxopipcridin-^yO-7-niiroisoindoHnc can be was heated at reflux under niirogeD for 30 mm. Ttic reaction 
obtained by allowing 2,6^iDxopiperidin-3-ammonium chio- 60 mi?ciure was «»lgd 10 room icmpcramre and then asnccn- 
ride lo read wiib methyl 2-bromomcihyl-5-Dit:obcDZoalc, Ualcd in vacuo to atford N-bcnzylcarbonyl-a- 
mclhyj 2-bromomclhyl-4.nilrobcn7-oBte, mcibyl meibylgluumic anhydride «s an oil (15.7 g) ^^l^^^^^i «d 

2- bromofflethyU6*nilroben7oaLc, and methyl used in ocxi rcaciioa without further purificaiion: H NMR 
2-bromomelbyJ-7-mlrobeDZoaie, rcspeciively, in dimeihyi- 

formamtde in the presence oC irielhylami'ne. The methyl 65 IH), 2.69-2.61 (m, 2H), 2.40-2.30 (rn, 2H), 1.68 (s, 3H). 

2-<bromomethyl)niirobcnzoatcs in mm arc obtained from In a similar fa.-vhion from N-bcnzyloxycarbonyl-a- 

ihc corresponding methyl csiers of nilro-anhoioluic acids by etbylglmamic aCid and Nf-benzylojrycarbonyl-a- 
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propylgluUiiiiic acid, there is oblaiacd N-bciizylc^b«>DyJ-<i- room tenippratvre. 7b this soluiioD w^s added 4N hydro- 

clhylgluiamic anhydride aod N-bcnrylcarbonyl-a- chloric Acid (3 mL) followed by 10% Pd/C (0.4 g). Tlic 

propyiglulamic anhydride, respectively, inixiiire was hydrogooalcd id a Parr apparatus under SO psi 

of liydrogeo Tor 3 hours. To the mirlune was added water (50 
EXAMPLE (} 5 ml,) Ip di&solvc the product This inixiUrt; was fillercd 

, . , ,, . ihrcnigh a Celilcpadwhicb was washed with waier (50 mL). 

N-Bcn^ylo^yca^bonyi<J-^)clbyJ)50gIutamlnc -^^ i^j^^jg conccniraied id vacuo lo afford b soUd 

Astirted soluU'od of N-benzylearbonylHa-meihylglutansic residvc The solid was slurried in eihaool (20 inL) for 30 

anhydride (14.2 g. 1.5 mmol) in mc^hylcoc chloride (100 slurry was filiered lo afford 1.3S g (93%) of 
mL) WIS cooled in an ict bath. Gaseous ammonia wa* '0 ct-amiDo-o-mcthylgluufiniide hydfochloride as a wfajic 

bubbled iDio the cooled solution for 2 hours. The itaciion «>l»d- NMR {DMSO<J«) 6 11.25 (s, IH), 8.92 (s, 3H), 

mixture Vas stiired al room lenspcralurc for 17 hours aod 2.S4-2.51 (m^ 2H), 2.35-2.09 (m, 2H), 1.S3 (s, 3H); HFLC, 

then exUactcd with waler (2;?50 mL). The combined aque- Waicrs Nova-Pak Cjg column, 4 micron, 1 mUrain, 240 nm, 

ousesrlracts were cwled in iD icc b&th aod acidified with 4N 20/80 CH,CN/0.1% HjPO/aq), 1.03 m^Q (94.6%). 

hydrochloric acid (32 mL) to pH 1. The resulting mixiurv \a a siAiUr fashioa from N-benzyloxycaibooyl-a'Amioo- 

was cxtracicd with ethyl accutc (3>£80 mL). The coubiDed a^eihylgluiariciidc flnd N-beDzy]oxycarbodyl-a-amLno<i- 

eibyl acetate extracts were washed with brine (£0 mL) and propylglularimide there \tk obtained a-amino-a- 

ibcD dried (MgSO^). The solvent was removed Id vacuo to elhylgluiarimide hydrochloride aod a -amino -a- 

givc 11.5 g of N-beozyloxycarbouyl-a-amino-a- propylglulariinidc hydrochloride^ re^speciively. 
meihylisogluiamiDe: NMR (CDCI3/DMSO) 5 735 (m, ^ 

5H), 7.01 (s, lH)p 6.87 (s, IH), 6.29 (s, iH), 5.04 (s. 2H), EXAMPLE 9 
2.24-1.88 (m. 1.53 (a, 3H). 

[n a similar fashion from N-b^DzylcarboDyl-a> 3^^Nitfophih.titi»ido>>melhylpiperidine-2,6- 

cibylglucamic anhydride and N-benzylcarbonyl-a- ''"^ 

pfopylgluLaroic anhydride Ihcrc is obuiued ^ Asiirred mixture of a-amino-a-mclhylelutarimidehydro- 

W N-b6dzyloxyCarbonyl-a-amino-a-cLhyJi*og|utaminc and chloride (1.2 g, 6.7 niniol),3-Ditrophthalic anhydride (13 g. 

v2 N-bensylojcycarbonyl-a-amino-a-propyHsogluiamine, 6.7 mmol), and wdium flcclatc (0,6 g, 7.4 mmol) in aceiic 

r^, respectively. acid (30 mL) was healed lo reflux under nitrogen fer fi hours ■ 

'■'"^ Tht mixture then was opplcd and oonccnlraled in vacuo. The 

EXAMPLE 7 [[jjg ^^^^ slurried in water (30 mL) and mctbyJcnc 

ii:^ w t3 ™,i w« -u -.,1. • ^ chloride (30 ml) for 30 min. The suspension was filtered, the 

L: ' N-Bcnzyloxycafbonyl-a-amino-ot- ... ^ j j wi -j j 1 - !■ • 

-L.,/ -J solid was washed with methylene chlonde, and dried in 

f.- methylgluianmide ^^^^ ^ ^ ^ ^ ^ ^^^^^ 

s., A tilirred mixture of N*beDzyloxycarbanyl-a- « ni(rophthaIimida)-3-mcihylpipcridine-2.6<lione as a ofT- 

ciethyHsoglvijimine (4.60 g, 15.6 mmol), 1,1'- white solid: mp 365-266.5'' C; NMR (DMSO^J 8 

O carboDyldiimidazole (2,80 g, 17.1 mmol), and 11.05 (s, lir),8Jl(dd,J-l.l and 7.9 Hz, lH),8.16-8.03(m, 

4-4imelhyl*ratflopyridine (0.05 g) in leirahydiof-uran (50 2H), 2.67-2.49 (m, 3H), 208-2.02 (m, 111) (s, 3H); "C 

mL) was heated 10 leflux under joilrogen for 17 hows. The NMR (DMSO^J a 172.20, 171.71, 165.89, 163.30, 144.19, 

1;="" reaaioa mixture was then concentrated in vacuo lo an oil. 136.43. 133,04, 128,49^ 126,77, 122.25, 59.22, 28.87, 25.49. 

The oil was sJurried in waler (50 mL) for 1 hour. The 21.04: HPLC, Water Nuva-PaVC„ column. 4 micron. 1 

resulting suspension was fillered and ifa^ solid washed wjib tnUmio* 240 nm^ 20/80 ai^CN/D.l^ hjVO^Bii^, 7.38 

W water ami air dried lo afford 3.8 g of the crude pioducl as a niin(98%). Anal. Calcd For Cj^HB^N^O^! C, 53.00; H, 

V wbiie solid. The crude product was purified by flash chro- 3.49; N» 13.24. Found; C, 52.77; H, 3.29; 13.00. 

f^: ma toftraphy (methylene chloride r cihvl acetate 8;2) to afford Tn ji ^jm^lar fach y^n fmft^ r^^fpin»^»ifry|^^ti.r;,,.^r4i. — 

■!;: ^-3 B (50%) of N-bcozyloxycafbodyl-a-amino-a- hydrochloride and a-amifio-a-propylgluiarimide hydro- 

p melhylglmarimide as a while solid: mp 150.5-152.5* C.;*H chloride there is obtained 3-(3'nitrophihalimido)-3- 

t^R(CDCy 68,21 (s, IH), 7.34 (S.5H). 5^9 (s, 1H),5.08 eihylpiperidinc-2pe-diortc and 3-<3-nitrophihaliniido)-3- 

(s» 2HX 2.74-2-57 (m, 3H), 2.28^2.25 (m, IH), 1.54 (s, 3H); propyl pipcridine-2,6^ione, respectively 
'^C NMR (CDQ,) 6 174.06, 17L56, 154,68, 135.88, 53 

128.06, 127.69, 127.65, 66.15, 54.79, 29.14, 28.70, 21.98; EXAMPLE lO 
HPLC: Walons Nova-Pak CIS oDlumn, 4 micron, 3 9^1(150 

mm, 1 mL/min, 240 nm, 20/80 CH.|CN/0.1% HjPO.«(aq), 3-(3-AmiaDpblhalimidD)-3-melhylpipcridiDc.2,6'' 

7^6 mia (100%), Anal. CaJcd For Cj^HisNzO^; C. 00.86; rfionc 

II, 5.84; N, 10.14. Pound: C. 60.88; H, 5.72; N, 10.07. 3.(3-Nilropbibf.limido)-3-mclhylpiperidine.2,6-dione 

In asimilar fashion &om N-bcnzyloxycarbonyl-a-amino- (0.5 g, 1.57 mmol) was dissolved in acetone (250 mL) wiih 

a-elhylisoglulambe and N-ben7yloxyc4trboDyl-a-amioo-a- gentle beat and then cooled lo room temperaiuiTL. Tg ibis 

propylisDgJuiarajne there is oblaioed N -benzyl oxyoibonyl solulion ^aA added 109& Pd/C (0.1 g) under nitrogen- The 

-a-amino-a-cthylgjuiarirtide and N-bcnzyloxycarbonyl^- mixture Was hydrogenatcd in a Parr apprxratus At 50 psi of 
amino^s-piopylgJutafimidc, respectively, to hydrogen for d hours. The mixmre then was filtered through 



Ccliic and the pad washed with acetone (50 rnL). The fillrale 

tXAMPLE 8 ^aj; concentrated in vacuo to yield a yellow solid. TJic polid 

a-Aniin.«x-melhyl6lMl»rimide hydrtchloridc ^"P^"' ^ f}'"'^ «ela.e (10 mL) for 30 mimiles. n,c 

" ^ ilurry then Was filtered and dned (60 C„ <i mm) to afford 

N-BenzyloxycarbonyI-a-amino-a-me|hylgIutarimide 65 0.37 g (82%) of 3-(3-aminophihaIiroido)-3- 

(2.3 g. S.3 mmol) was dissolved in elhar^ol (200 mL) '^Hlh methyIpipcridii»c-2,6-<lioo6 as a y«]low aolid: mp 205-209' 

gentle heal and Ihe rftsuliing solution allowed to coot to' C; 'NMR (DMSO-dJ b 10.98 (a, IH), 7.44 (dd, J-7 1 and 
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73 Hz, IH), 6.99 (d,J-8.4H:t,lH), 6-94 (<J,J-6.9 Hz. IH), propylglutdnmid* hydrocMorWc for a^^mino^a- 

G.52(s,2HXZ71-2.A7(iD,3H),2.0&-l,99(in, III), 1.87 (s> meihylBluuriiiiiefe hydrochloride, Ihcrt i& obiaincd 

3H); "C NMR (DMSO-d«) 6 172.48, 172.18. lC9.Si, respectively 3-0-oxo-4'Ditroi5o;ado]i:>*l-y])-3- 

16a.06, 146.55, 135.38, 131.80, 12i.Sl. 110.56, 108J0, cihylpiperidiDe-2,6-dioDe and 3-(loto-4-niiroi5oindolio-l- 

58.29, 29,25, 2S.63, 21.00; HPLC, Walcr r^ova-Pak/C,^ 5 yl)*3-propyipipcridine-2,6<Jiort£;. 
columo^ 4 microiit 1 UiUmia, 240 nm. 20/80 CHgCN/ 

01%H3PO^(iq)» 5.62 mifl (9918%). Anal. Calcd For EXAMPLE 13 
C^Jiis^^O^: C, 58.53; H, 4.56j N, 14.63. Found: C, 58.60; 

H 4*1- 14 36 3-(l-Oxo-4-aniiDoisaiDtk)liD-l-yl)-3" 

Similar fashion from 3-{3.Dilraphlhalimido)-3- nicihylpip.ridin..2,6Jionc 

eLbylpipcridiDe-2,$-dioDC aod 3-<3-aiTfophtbaliaiido)-3- 3-(l-0;co-4.niirojaoiDdo]vn-l-yl)-3-FncihyIpipcridine-2,6- 

propylpjperidine-2,6-dione there is obtained 3-(3- dione (1.0 g, 3 J mmol) wa^ dissolved in meihuial (500 mL) 

amiDophlhftliiDido)-3-cibylpipcridiiDe>2,6-dioa6 aud 3-(3^ with gcatk bcAt tod allowed lo cool lo room (cmperaiure. To 

An]inophlhalimida)-3-propylpipcr>dint:-2,6'dione, ihU solution was added 10% Pd/C (OJ g) under nilroeen. 

rcspccllvcly. ^5 The mi^tuic wa? hydrogcD&Lcd fn a Parr apparatus al 50 psi 

of hydrogen for 4 heurs. The miitlutc filtered tb^ougli 

"^'^^ " Ccliic aod ibc Celite washed with mclbanol (50 mL). The 

Mefbyl 2-bromomclbyl-3^nitfobeflMar6 ^^1^*^ was «ii«nlraicd in vacuo to an off wlu la solid. Tte 

solid was slurned in melhyleoe cblonde (20 mL) for 30 min. 

A siiried mixture of methyl 2-ffleihyl-3*oitfobefizoaie 20 jiUcrcd and the wlid dried (60* C, <:1 

(17.6 6, 87.1 mmoJ) and N-bromosucciniroide (18 9 g, 105 nsm) ui alfonl 0.54 g (60%) of 3-(l-<ito-4-aniinoisoindolin* 

mmoO in MrboxHel/acUorido (243 mL) was healed under l-y)).3-i5cihy)piperidiijc-2,6-diQne a? a wMU solid: mp 

gcDlIe reSux with a 100 W Ugbt bulb situated 2 cm away 268-270* C; NMR (DMSO-dJ 6 10.g5 (s, IH), 

5J))rang or the reaction naixlurc overnight. After 18 hours, 7.19-7.13 (i, J-7.63 Jfe, IH). 6.83-6.76 (m, 2H). 5.44 (s, 

the reaction mixture was cooled lo room temperature and 15 jjj)^ 4.41(s, 211), 2.71-2.49 (m, 311), 1.9-1.8 (m, iH), 1.67 

O fiJrcrcd. The fiJiraie was washed with walcr (2x120 mL), (5^ 3H); "C NMU (DMSO-dJ 6 173.7, 172,49, I68.O, 

^: brirte(l20 mL), and dried (MsSOO- The solvent was 132-68. 128.78. 125-62, 116,12, 109.92. 56.98, 46.22, 

removed in vacuo 10 give a yeUow solid. 'l"he product wa.5 29.04, 27.77, 20.82; HPLC, Watcre Nova-PaV/Clft column, 

y I purified by fiash chromatography (hftxafle:elhyl aoeiaie 8:2) 4 micron. 1 roUmiti, ^40 nra, 20/60 CHsCN/O.l^&H^PO^ 

lo give 22 g (93%) of methyl 2-bromo]nncthyl-3- 3tJ (aq), 1.5 mia (99.69&); AnAl. Calcd for C^^U^jt^fiy. C, 

nilrobenTcale as a yellpw wlid: mp 69-72" C; NMU 61.53; H, 553; 15.38. Found: C, 58.99; 5.4S; N, 14.29. 

^ ^"^8%^'' j1'32 122^ slsi^Vfm '"S?"? 5W^' ^^'^'^ 3^1.>.o.4-nitr«i^indulin-I.yl)-3.thyIpiperidinc- 

y Innlir ^^icfn, Sl'J::l1^;^J: 2.6-dioDo and 3.(l^oxo-4-Ditroisoiadolin-l-yl)-3- 

pr>pyjpiperidioe.2,6iio^c there is similarly obtained 3-(l- 

JnTuv^n^t l^^f' ^ttV^^f' ox^4.TiDoisoindoliD^l.yI)0.ethylpipcridii^^ 

^-^^ ''l'.^^"^^ a«33.(l^xo-4.aminoisoiDdoli^-^yl)-lpIopylpipcridiD^ 

mLAnin, 240 nm, 40/60 CH3C:N/D.l%H3TO4(aq). S-2 min fi^Jione, rcsDcciivcJy ^ ^'J^i'*- 

^ 99%, Ad»I. Calcd for CpH^NO^Br: C, 39.44; H, 2.94; N, ^ 

P 5.11, Br, 29.15. Found: C, 39.51; H, 2.79; N,S. 02; 15^29 32 EXAMPLE 14 

4- EXAMPLE 12 S-4-Amlno.2-(2,6.dioxopipcrid-3-yl)isoindoluie4^- 

C 3-(l-Oro4-nitroisoindolin-l-yO-3- * kt . ki a„ '^^'^k!^ r 

meibylpiperidine2,6^ioi,c ^-^1:^!'"':^''?°^''?^,'^2:Lp*''^^ ,v 

V . . chlorOformale (1.89 fi, 19.7 mmol) was added 

To « stirred mixtvrc of a*amino>a»meihylgluiarimide us drepwise over 10 mio to a Kiirred solution of 

Z'^,', hydrochloride (2.5 g, 14.0 mmol) and methyl 3-nitropbthaUmide (3.0 g, l5.6 mmol) and triclhylamine 

W 2-broinoniethyl-3-mirQbenKDalB(3.tr7 g, 14.0 mmol in dim- (1.78 g, 17.6 mmol) m dimethylfortu amide (20 mL) ai 0-5' 

ethylforiuamide (40 mL) was added trietbylamine (3.14 g, C under nitrogen. The react ion mixiuti; was allowed lo wam 

30.8 mmol). The resulting mixture was bcBied lo reflux lo room temper nture nnd stirred for 4 hours. The mixture was 

under nitrogen for 6 hours. The mixiure was cooled and then so then slowly added lo an agitated mixture of tec nod water (00 

concentrated in vacuo. The resiling solid wa.s sluaicd in mL). The resulting slurry was Tillered and the soljd was 

waler (50 mL) and ai^aa for 30 rain. The slurry v/a^ crystallized from chloroform (15 mL) and pet cibcr (15 mL) 

filtered, the solid washed with methylene cbloride, and dried lo aObrd 3.1 g (75%) of the prod\ici as an oK'-whiie solid: mp 

io vacuo (GO* C, <1 mm) to afford 2.68 g (63%) of ICD-IOO-S' C; NMR (CDC^ ft fi.Z'!(d, J-TS Hz. IH), 

3-(I-oxo-4-nitroisnindoUii-l-yI)-3-mcthylpiporidinc-2,C- 55 850(d, J-«.0 Ik, IH), 8.03(1. J-7.9 IIz, IH), 4.49(q. J-7.1 

dionc as a off-wbiic solid: mp 233-235* C; ^11 NMR Hz,2Il), 1.44(i,J-7.2Hz,3H); "CNMK (CDcy 6 161.45, 

(DMSQ-dfl) 5 10.95 (s. iR), 8.49^.^6 (d, J-8.15 Hz, IH). 158.40, 147.52, 145.65, 136.60, 132.93, 129-65, 128.01. 

8.13-«.09 (d, J-7,43 Hz, IH), 7.86-7.79 (i, J-7.83 llz. 111), 122.54, 64.64, 13.92; HPLC. Waters Nova.PaJc/C18. 3.9x 

5.22-5.0 (ddpJ-19.35 and 34.6 l'Iz,2H), 2.77-2.49 (m,3HX 150 mm, 4 micron, 1 mlymin, 210 nm. 30/70 CM»CN/ 

2.0-1.94 (m, IHX 3-74 (S, 3H); ''C KMK (DMSO-d^) 6 to 0.1%HjPO^(aq), 5.17 min(98.11%)r Anal. Calcd for 

173-07, 172.27. 164.95, 143.15. 137.36, 135.19, 130.11, C^,ll^S^O^\ 50.00; H, 3.05; N, 10.60. Found: C,5n.l3; 

129.32, 126.93, 126.93, 57.57, 48.69, 28.9, 27.66, ClI^CN/ H, Z96; N, 10..54. 

0.1%H,PO^(aq), 4.54 min 99.6%. Aoal- Calcd for B, t^Butyl N.(4-nurophlhaloyl).L-gImamirte 

Cj4Hi3N305:C; 55.45 J H, 4.32; N, 13,86. Found: 52,16; a stirred mixture of 4-nilro-N- 

H, 4,59; N, 12.47. es clhoxycatboDylphthalimide (1.0 3.8 mmol), L-gluiaminc 

By su bsiiiutiDg equivalent amouois of a-amino-a- i-bulyl ester hydrochloride (0.90 g. 3.8 mmol) and irjcihy* 

ethy igluiarimide liydrochloridc and a-amino-a- laminc (0J4 g, 53 mrnol) in idrabydrofurMi (30 roL) wa.i 
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hestcd to reflux for 24 hours. The leirBbydiDfiirin was Heicane/lPA 9J5 min (1.32%). 12 JS min (97.66%)- Ana! 

removed u) vacuo and Ibe residue was dissohred in melh- Calcd for C,iH„N-|0/ C, 57.14; H, 4.06; N, J5.38. Found- 

ylcne chloride (50 mL). The mclhylene chloride solvlion C 57.15; H,4.15; N, 14.99. 

"is washed ».a"ih water (ZxlS mL), brine (15 mL) and ihen pv ampt v i c 

dried (sodium su|(at«). Tbe solvem Wts removed n v»evo j tAAiwrui is 

add [be residue vfu purified by Bash cbrtmatogriph (7i3 n-4-Amino-2.{2,6^oxopip6rid-.Vyl))isoindoljne-l, 

meihylctic chlaridc:cibyl acclaic) lo give 0.9 g (63%) of a 3-dione 

glassy malerial: >H NMR (CDQ,) 8 8. 15(d, J.7.9 Hz, 2H), A. t-Butyl N-(4-nitrtphHaloyl).D.gIutamiEe 

7;'*^,H^"'!^ri*5iS^'^'^3^"i'''-^'<'"--'-5-l*o<'''-7 A stirred mixiure of /-nilro-N-clhoxycarbonyl- 

'^l^fMo°^r<J,'"'' i"^'- ,0 Pbibalimide (5.9 g. 22.3 miBol). D-filu.amine f-bu.yl ca„ 

Si^^fflcSSS^^" 0 4x2?C,i^ ictrabydrnftnin (100 mL) «va, rrWd for 24 bours. TT,e 

C. N^4.Niirtpbih.)oyl)-l^gluia^Be pTr"""* "'u'",?^^.?? 
Hyd«g6b 5jorid. gis was bi:bblcd into a siir«d 5' C C^T. "ff'' ^^^^^^ 

solution 5f t-bulyl N.(4.Dilfopblhaloyl)-L-dutan.ine (5 7 e " .'^'5^'^ * ^^^^^ °^ I^"" " " 

15Jo^ol)inJibylLchlL*(lti/tnLTfo^^.-^^^ /Tr'-j^^T^/^^^l^^'c'SL'-'.^'?-'"^''?.' 

ini«u« wafi then sri™! at rootn lemperaMrt for 16 hours. i^^i/"/' 'i^ '"^ \">' *f?(^' ^■'•lO'. "D, 

fiber (50 mL) was added aod the resulting miklurc wa., z» , ?f^,'^,/"l-A ^^'J^^' 2-6l-2.50(m, 2H), 

stirred for 30 min. TTie nsuliisg slurry was fiter«d to yield 2.35-2.27(m,2H). 1.44(s, 9H); "C NMR (CDCy S 173.77, 

4,5 8 of crude produci as a solid, wbieh was uad directly in 16SJ5, 16251, 145.07, 135J6. 133.78, 128.72, 

the next rcaciion: 'HNMR (DMSO^J^ h B.36(dd, J-0.8 and '27.27, 123.45, 83.23. 53.18, 32.27, 27.79, 24.42,; Hl'LC, 

8 0 Hz, IH), 8,24(dd, J-0.8 and 75 Hr, IH), 8.ll(i, J-7 9 W''^" Nova-PaWClS, 3.9x150 mm, 4 micron, 1 mL/min, 

Hi, IH), 7.1 9(b, IH), 6.72(b, IH), 4.80(d(l, J-3.5 and 8.8 js ^''^ CHjCN/D.l%H,PO.,(aq) 4.32 roitl(S)9,74%); 

H?, IH), 2.30-2.10(01. 4H). Chiral aoalysiii, Daioel Chiral P»k AD, 0.46x25 cm. 1 

D. (S)-2-(2,6-diDxo(3-pipericIyl3)-4-oiiroisoiDdoIiiK-l,3- mL/min, 240 mn. SS/'IS Hejeaoe/IPA 5.88 iniD{99,68*); 
dioae Anal. CalaJ for C„H„N,0,: C, 54.11: H, 5.08; N, 11.14. 

Asliired suspeosioo of N-(4-nilrDpblh»Ioyl)-L-Blulamioe Found: C, 54.2.'>; H, 5.12; N, 10,85. 

(43 g, 13.4 mmol) in anhydrous iselbykoe chloride (170 jq B- N-(4-Niliopbibaloy])-D-BluiBn3iDc 

mL) was oooled to HO* C, (IPA/dry ice balli). Ttiiotiyl Hydrogen chloride g»» was bubbled into * slirrsd 5" C, 

chloride (1.03 mL, 14.5 mmol) was added dropwisc lo ibc folulioti of l-buiyl N-(4-nilrophthaloyl)<D-g]uiamiDe (5.9 g, 

mixnire followed by pyridine (1.17 inL, 14J mmal). After If* mmol) in mctbylcoe chloride (100 mL)fbr 1 hour iheo 

30 minutes, liielhylaniiDe (2.06 dL, 14.8 mmol) was added slirred at loom Icmpcraiurc for another hour. Ethcr(100 mL) 

aod the mixiuns was stirred ai -30 to -40° C for 3 bourS. 35 a*led and stirred tor anoibrr 30 misuIcsL The mixture 

The mixture was allowed to warm lo room lemperalurc filtered, (be sob'd was waihed with clbcr (60 mL) and 

filtered and washed with nclhyleiK chloride to afford 2,3 e! ^' "B) '* ' 6 (W%) of the 

(S79B) of the crude product, Rccryslallizaiion irom acetone i ^ ^"J- 

(300 mL) alfoxded 2 g of the prSud as a while »Bd: n>p 1^2^ i^w'It/i"^',^ 
259.0- 284.0" C.(dec.); 'H NMR (DMSOJJ 5 U.19(', ^ 

MEP^^-'- 

done 6-dloxopiperid-3-yl),«„ndolinc.l.3. so mk, iriPlbyUminc (1.5 s, 14.8 mmol) was added aod Ihc 

A^*„-,.i..„ e /t-i n ,. ., ^. mixiUj-e was slirrcd at -30 \o -40* C for 3 hour^. Ilic 

dtclm^ir. /^^t* "'"^"^^ fiJl'='«d- 11* ^'^id washed wilb lue^yltnc 

dWD« (0.76 g> 2J mmol) and 10%Pd/C (0.3 g) in accionc rhln.'u?** fCn t«T ^ »«J ^r,'^j //tn« r- i - u \ ■ i «^ 

ibroughcdilfi and ihftfiliratewMcoDcefliraied in vacuo. The f''o"» ili« /ne^y»^n<^ chloride liKnle. Boih fracljoos w^re 

solid residue was slurried in hgi ethyl accCale for 30 min and ^"'"tl'ned (3.53 g) and reaystalli/cti fmm accione (450 mL) 
aUcrcd lo yield 0.47 g (69%) of the product as a yellow "^'^^ 6 f^'-^) °^ pruduci b!? a wbiic solid: nap 

solid: mp 309-310" C; ^HNMR (DMSO^^ $ Jl.lO (s, 256^257.5" C; »H NMR (DMSO-d^ 6 ll.lg(a, iH), 

irO, 7.47(dd, J-7.2 and 8.3 llz. 111), 7 04T95(dd J-fi i) fi-3^dd, J-0.8 and 7.9 Hy, I H), 8.23(dd, J-0.8 and 7.5 H^, 
and a.3 Hz. 2H). 6.53(s, 2H), S.aS^S.02(dd, J-5.3 and 12A ^ ^"7-8 Hz. IH), 5.22(dd, J~5.3 and 12.8 Hz, III), 

H^, iH). 2;9&-2.82(m, IH), 2.62-2.4«(iD, 2H), 2.09-1 99 2-$>7-2.S2(m, 111), 2.6<l-2.*7(m, 2H), 2.I3-2.M(ui, IfH; 

(m, III); "ChOyiK (DMSO-d^) b 172.80, 170.JO, 158.57. '"C NMR (DMSOO 6 172.66. 169,44, 165.14, 162.48, 

167.36. 146.71, 135.44, 131.98, 121.69, 110.98, 108.54, 14*.41, 136.76. 132.?8, 128.83, 127.25, 122.52, 49.41, 

4S.4B, 30,97, 22.15; HPLC, Walerc Kova-Pak/Cl8. 3.9;(150 30.83, 21.70; riPLC, Waieis Novs-Pak/ClS, 3.9^^150 mm, 4 
mm, 4 roicroD, 1 mL/min. 240 nm, 15/85 CH^CN/ 65 inicruo, I mLVmin, 240 om, 10/90 CFI.,CN/D.l%HJ'0.faq) 

O.t %TI,PO^(aq) 4.9P min<98.77%); Chiral w^lysis, DaiceJ 3.35 miD(l0uv6); Anil. Calcd for CjjIlpN^O^; C, 51.49; iT 

Chiral Pak AD, 0.46x25 cm, 1 mUmin, 240 nm» 30/70 Z.?9; N, 13.86. Found: C, 51.55; h/2,82; N 13.48. 
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D. (R)-4-AmiDO-2-(2,6-dioxopiperid-3-y|)isoiDdDliDc-13" mixture was siirred for 30 raiDUtcs, The slurry x^as filtered, 

diaoe washed wilb ether &nd dried iq afford 3.3 g ot Uie prdduci: 

A mixiurc of R.3-(4'-Qilrophtha]iinido)-pjpcridiDc-2.0- NMR (DMSO^^^) 8 S.45(d,I-fl4 Hz» lH),8.lS(d, J-7.5 

dioDc (1.D g, 3.3 mtno]) «nd 10% Pd/C (0.2 g) in accinnc Hz, IH), 7.83(l, J-7.9 IIz, iH), 7.24{s, IH), 6.76(s, 111), 
(250 mgwashydfogpDalcd in a Parr-Shafcer apparatus al 50 5 ^ ^'^(s. 2H). 4.84^.78(dd, J-4.8 aod 10.4 Hz, lit), 

psi 6f hydrogen fw 4 hours. Tae mixiurt was filieied 2.34-2.10([n. 4H); '^C NMR (DMSO-d J S 173.03, 171.88, 

ibrougbccliLc and ihcfillraic was coDceniiaied in vacuo. iLc 165.96, 143.35, 137.49, 134.77, T30.iy, 129.61, 126.95, 

resulUDg yellow solid was slumed in hot elhyl awlalc (20 53,65, 48.13, 31.50, 24.69; AUal. Calcd for C^HjgNaO^: C, 

mL) for 30 mil) to give afier filtration and drying 0^3 g 50.82; H, 4,26; N, 13.68. Found: C, 50-53; H, 4.37; N, 13.22. 

(59%) of ibe product as * yellow solid; mp 307.5-3095° C; ^ {S)-3-(l-Oxo.4-ni(foisoind6liD-2-yi)pipi;ridinc-2,6'^ioDe 

MlNMR(DMSO^J&ll,06(s>lH),7.47(d4J-7.0and8.4 A siirred su.spcnsioti miscitire of N-(l.oxo*4- 

HZp IH), 7.02(dd. J-4.6 and 8.4 Hz, 2H), 6.53(s, 2H), oiiioiioindoHn-2-y|)-t-glwtaniiii(s (3.2 105 mmol) in 

5.07(dd, J-5.4 and 12.5 Hz, IH), 2.95-2,84(ie, IH), aubydraus metbyjcne cblorido (150 mL) wai* cnojed to -qo* 

2.62-2.46(00, 2H), 1051-1.99 (m, IH); NMR(DMSO- C. wiih isopiupanol/dry ice l?aih. Thionyl chlofide (0.82 mL, 

d^) 6 172.78, 170.08, 16$36, 167.35, 146.70, 135.43, 11.3 mmol) wa£ added dropwisc Co Ihe cooled mjirurc 
131.98,121.68, 110.95, 108.53,48.47, 30.96, 22.14; HPLC, " followed by pyfidioe (0.9 g 11.3 mmol). Afler 30 min, 

Waicrs Novc-Pak/ClS, 3.9x150 mm, 4 micron» 1 mUrnin, iricihylaminc (1,2 11.5 mtnol) was added aod the mixlurc 

240 nm, 10/90 CH,CNA).l%n3PO^(aq) 3.67 min(99,6S%): wb,s stirred at -30 Id -40" C. for 3 boure. The mixture wai 

Chiral Bna]y5i% DaiocI Obiral Pak aD, 0.46x2i cm, 1 poured inip ia^ water (200 mL) ind the aqueous layer Vas 

tnUtam, 240 nin, 3CV70 Hcxa&e/IPA 7.88 min (97.48%); exir&aed with zneihy)coc chloride (40 mL). The meihylcQc 
Anal. Calcd for CigHjiNaO*: C 57.14; H, 4.06; 1538. m chloride solution was washed wilb water (2x60 mL), briflc 

FouDd; C, 57.34; H, 3.91; N, 15.14. (60 mL) add dried. The solvent was removed in vacuo add 

ov * xj,T» H -1 i- solid residue was slunicd with dhyl acclate (20 mL) to 

BXAMPLE 16 give 2.2 g(75?6) of the product as a while solid: mp 285" C; 

3-(4-Amino-l-otoisoindDliD-2-yl)piperidinc-2,6- NMR (DMSO^J 6 11.01(5, IH). S.49-8.45((id, J-0.5 

diooe 25 8-2 Hz, IH), B.21-8.17(dd, J-7.3 Hz. IH). 7i4(t, J-7.6 

A. Meihyl 2-broniometbyl-3-fliliDbcozoai€ Hz. IH). 5.23-5.15(dd, and 13-0 Hz. IHj, 4.96(dd, 
A ^iLd mixture of methyl 2-Tnethyl-3-mlrobcnzoale Hz, 2H). 3.0O^8S(m.^^^^^^^ 

(14.0 g, 71.7 ramol) i>nd N-biomoaxcdnimidc (J5.3 g. fiC.l ^H)- 2.0^J.98{m. IH); NMR (DMSO<i,) 6 172.79, 

LoO in car^n tlVachloride (200 mL) was heated under J70.69. 165^53, 143.33 Jf-f?- 134^8. I3ai5, 129 60, 
gcDtl/refiux for 15 bouiS while a lOOW bulb situated 2 cm 30 i^V^W, 51.82 4S.43, 3M6- 22.23; HTLC, Walcn. Novc- 

-w.y was shining on Ihe flask- Uc mirtuie was filleted and l'^f}^%ff^^Jl^^ ^ ' ? 

Ihe iud was washed with melbyJene chloride (50 mL). The 9^^^^i^i^y,^{^^^^^ 

nUr^le was washed with walcr (2x100 mL), brine (IPP mL) 4Jl if ^ n ' 

and dried the solvent was removed ID vacuo and the residue !?' A 1' ' . . 

was purified by flash chromatography (hexaoe/ethyl acciale, „ ^ (S)-3-(l -Oxo-4.ainiiloi&Oindolin-2-yl)piperidine^2,6 
8/2) 10 afford 19 g (9656) of the prcJuct as a ycUow solid: 

rap 70.0-71.53'' Ca 'H NMR (CDCI3) h 8.12-S.09(dd. A mixture of (S)-3-(l-oxo-4-ililroisoindoJiii-2-yl) 

J-13 and 7.8 Hz, iH), 7.97-7.94(dd, J-13 and 8.2 Hz, IH). piperidine-2,6^iDnc (LO g, 3.5 mmol) and 10% Pd/c(0.3 g) 

7.54(1, J-^.0 Hz, IH), 5,l5(s, 2H), 4.0a(s, 3H); "C NMR in meihanol (600 raL) was hydrpgenaled in a Parr-Sbakcr 

(CDQa) fi 165.85, 150 J8, 134.6S, 132 J8, 129.08, 127.80, apparatus at 50 pBi of hydrogen for 5 hours. The mixture was 
53.06, 22.69; HPLC. Water Nov^f-Pafe^ CIS, 3.9x150 mm, 4 *° filtered ihrough Celile and the ftliratt was concentrated in 

mieron, 1 mUmia, 240 nm, 40/60 CHaCN/0,15feHjPO,(aq) "acuo- Th* solid was slurried in hot elhyl acetate for 30 min, 

7.27 m\ti(9S.92%)\ Anal. Calcd for C„HoNO^Br: C 39.44; filtered and dried lo aflbid 0.46 g (51%) of Ihc ptodud as a 

H, 2.94; N. 5.11; Br. 29.15. Foudd:C, 39.4^; H, 3.00; N, solid: mp 235.5-239* C; ^H NMU (DMSO-dJ 6 

5 00- Br 29 U "'^Us. ^H)- ^.19(1. J-7.6 Hz, IH). 6.90(d, J-7.3 Hz, iH), 

B. l-Bulyl N.(l«xo-4^itroi«roindoIin-2-yI)-L"filulamine ^5 6.7a(d, J-.7.S Hz, IH), 5.42(5. 2H), 5.12(dd J-5.1 and 13.1 
Triclhylamine (2.9 g. 28.6 mmol) was added dropwisc to Hz IH^ 4^17(dd, J^l7 0 and2S.8 Hz. 212 ? n^i 00^°^' 

a siirred mixture of methyl 2^bromome(hyl-3-m-uobcnzoatc HI ^i^^'f^^"' 

(3.5 g, 13.0 mmnol) and I^Iutaminc l-butyl csler hydro- H); "C NMR (DMSO-d^ 6 172.85, 171.J9 X68.fl4, 

chloride (3.1 g, 13.0 mmol) ktelrahydrofiiran (90 mL).'nie 14358, 152.22, 12S.79, 125.56, 116.37, 110.39, 5l.4fi, 

mixture was healed to reflux for 24 hours. To the «olcd 45.49,31.20,22.74; HPLQ Waters Nova^Pak/Cl 8, 3^9x150 

mixture was added methylene chloride (150 mL) and the ^^t^f * nii^ron, 1 mUmm, 240 Dm, 10/90 CH,CN/ 

mixture wa.^hed with waicr (2x40 mL), brine (40 mL) '>-19^H3PO,(aq) 0.96 miir(100%); Chiral apalyaSj Daiccl 

and dried. The solvenl was rrmovcd ia vacuo acd the residue Cl^ifal Pak AD, 40/60 Hcxane/IPA, 6.60 miD(99.12%); Aoal. 

wiis purified by tiash chromatography (3% CHgOH in meih- Cslcd for C^^H^^fi^O:,: C. 60.23; H, 5.05; N, 16.2 J . Found: 

ylcne chloride) to aflbrd 2.84 g (60%) of crude product C, 59.96; H.4.98; N, 15.84, 

which was used directly in the next reaction: NMR nvA^-m c 

(CDOJ 6 a.40(d, J-8.1 Ilx, IH), fi.l5(d, J-7.5 Hz, Ul). EXAMl LE 17 

7.71(1, J-7.8 Hz, IH), 5.83(fi, iH), 5.6l(s. IH), 5.12(d, 1 ^ • , - - j i- o ni 

J-19.4 Hz, IH), 5.0iMf.98(m,lH). i\97(A, J-l9.4^Hz, JH), 3-(4.Amino-l-oxo,soiDdolm-2yl)-3- 

2.d9-2.22(m, 4H), L46(s, 9H); HPLC, Waters Nova-Paly ^ _ , melhylpipcnd,ne.2,6^iaiie 
CIS, 3.9x150 mm, 4 micron, 1 mlVmin, 240 nm. 25/75 ^» ^ N-Bctizy[oxycarbouylO-amino-3-mcibylpipcridmo-2.6- 

CHjCNy0.1%H3pOd(aq) 6.75 mio(99.94%). <lWoe 

C. N-(l-Oxo-4-niitoisoindoIin-2-ylVL-filulamine A stirred raixiuic of N-benzyloxycaTbonyl-a-mclhyl- 
Hydrogen chloride gas was bubbled into a stirred 5* C. woglutamine (11.3 g, 38.5 mmol), l,l'-c9rboiayldiimida2olt 

soluticin of t-bulyl N-(l-oxo4-oilro-iSDindolin-2-yl)^L- (6.84 g, 42.2 mmot) and d-dimcihyhminopyridine (0 05 g) 
glu ta mine (3.6 g, 9.9 mmol) in methylene chloride (60 mt) fiS in tcixahydrofufan (125 mJ) wa.s heated 10 reflux uodcr 

fori hour The mixture <^a5 then stirred at room temperature nitrogen for 19 hours. The reaction mijclure was concco- 

fcir another hour, Elhcr (40 mL) was added and the resulting Iraicd in vacuo to an oil. Ilic oil was slurried in water (5C) 
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mL) for 1 houf Ibcn filtered^ washed with *vaicr, air dried la 
afford 7.15 g of while soJid, Tbt crude produci waitpunficd 
l>y flash cbroaaatograpUy (2:8 cibyl acelale:inelhylcne 
chlon'dc) lo afford 6.7 g (63%) of (he product 9S i while 
solid: mp 151-152' C; M-I NMR (CDCI,) ft 8.24 (r, 1H), 5 
7.35 (s 5H). 5.6 (s, IH). 5,09 (5. 2H). 2.82-2.53 (111, 3H), 
2.33^2,26 (m. IH). L56(s, 311); '^C m\i(CDC\^ 6 174.4, 
172.4. 154^, 136.9, 12«,3, 127.8, 127.7, 65J^ 54.6, 29.2, 
29.0, 22.18; HPLC: Waiers Not/a-Pak/Cjg column, 4 
micron, 3.9x150 PED. 1 ml/min, 240 am, 20/80 OljCN/ 10 
H;,PO^(aq), 6.6 rain, 100%). AodL Calcd for C„Hj„NiO*. 
Ucory: C. 60.86; H, 5.84; 10.14. Found: C, 60.94; H. 
5.76; N. 10.10. 

B. 3-AminOn3-n]dbylpipenduDe-2,6-dioDc 

N'bcnzyloxycarbanyl-3-amiaO'3-meUaylpiperidLnB>2,6- 7$ 
dlooe (3.0 10.9 lAiDol) was dissolved in cthsDol (270 mL) 
wilb gcQtlc bc9l aod Ihca cooled to room lemperanirc 'Jb 
[his Bo!ulion wa.s added 4 N HQ (7 mL) fallowed by 10% 
Pd/C (0.52 g). The mixhift was hydrogcnated under 50 psi 
of bydroged for 3 bouns- 7b ibp mixture ^is Uaea added 20 
WBlcr (65 mL) to disailve the produa. The mizhirc wa.s 
filtered ifarough a cclile pad and ibc ccUle p3d washed wilh 
u^aicr (100 mL). Tbe fillralc was conccntraieU in '^Acuv lb a 
solid residue. This solid was slunied in cihaDol (50 idL) for 
30 miB. Tbc slurry was fillcped 10 afford 3.65 g (94%) of the xs 
produci ss a wfaile solid: NMR (DMSO-d«) 6 11,25 (s, 
1 H). S.9 (s. 3H). 2.87-2.57 (m, 211), 2.35-2.03 (m, 2H), 1-54 
(Sp 3H); HPLC (Waters Nnva-PaWCjR column, 4 micron, 1 
inVinin. 240 am, 15/85 ai^CN/HjPO.f^^, 1.07 min. 



ihe product as a while solid: mp 289-292' C; NMR 
(DMSO-d^ 6 10.85 (s, 111), 7.19-7.13 (t, J-7.fi Hz, iH), 
6.S3-6.76 (ro, 2H), 5.44 (s, 2H). 4.41(s, 210- 2.71-2.49 (m, 
311), 1.9-1.8 (m, IH), 1.67 (5, 3H); ''C NMK (DM$0-d«) 
6 173.7, 172.5, 168.0, 143.5, 132,9, 128.8, 125.6, 116 1, 
109.9, 57.0, 46.2, 29-0, 27.^;, 20,8; HPLC (Waters Nova- 
Pak/C,^ column. 4 micron, 1 ml/min, 240 nm, 20/30 
CHjCN/HaPO^t^^j, 1.5 mia- 99,6^); AoaJ. Calcd. For 
C,4H,sN,03; C, 61.53; H, 5.53; N, 15.38. Fourtd: C, 61.22; 
H, 5.63; N, 15-25. 

EXAMPLE 18 

Tablets, each cooiainidg 50 mg of l,3-dioTO-2-(2,6- 
dioxopiperidin-3-yl)-5-aminoisoiQdo]iiic, can be prepared in 
the following manner 



CouLitueMfl (for 1000 Mtblcu) 



p)peiidiii-3-y PJnuio 
ieoJodoJiAc: 



wheal sUirch 

polyaLbylene g}yadi fiQOO 



50.0 B 



50.7 s 
IS $ 

5.0 E 
1.6 & 



3S 



C. 3-MclhyI-3-(4-n)iro-l-oxoisoindaIin-2-yl)pipBridiDc-2,6- 
dione 

To a fiiirred mizuirc of a-amino-a-mc(hyl*gluiariffiide 
hydrochloride (2.5 g» 14.0 mmol) and methyl 
2-brDmomeihyl-3-niirc bea'/isaic (3.U7 14 mmol in dim- 
eihylfnrmamidc (40 mL) was added iricihylamioe (3.14 
30.8 mmol) Under nititigen. Tbe mixruic was heated to reflux 
for 6 hours. The mixtuic was oqo|cd and then couceoirated 
in vacuo. The solid residue *vas ilarricd in water (50 mL) 
ctDd melbyleoe chloride for 30 min. The slmry W9S filtered 40 



ihc solid iagxcdiems are first Cortsed through a sieve of 0.6 
mm mesb width. 'Jl)c active logrcdLCDt, lactose, lalCp mag- 
nesium sieajraic and half of the starch then are mixed. The 
oihcr half of ibe starch is suspended in 40 mL of waicr add 
Lhis ^spension is added to a boiling soluiioa of the poly- 
ethylene glycol in 100 mL of water. The rc^ulling paste Js 
added to the pulvpiuloQt substances and the mixuie is 
grauulalcd, if DPOQSSary ^ilb Ibe addition of water. The 
granuhle is dried ovemigbl at 35" C., forced through a sieve 
of L2 mm mesh width and compressed to form tablets of 
appruximately 6 mm diameter which arc concave on batb 



C9Mit(Vcau (fo/ 1000 tabids) 



and ibc solid washed with meifaylcoe chloride and dried (60" 

C, <1 mm). Recryslallisaiion from meLhaool (80 mL) EXAMPLE 19 
yielded0.63g(15^)oftheproductasaaoff^hiueolid:mp Tablets, each cqpiaiaing 100 mg of l^-diDXo-2-<2,6- 
195-197- C; NMR (DM^^O-d,) 6 10,95 (s, IH), dioxoDiD6fidin-3-yl)-5.aminoisoindoJinc. can be prepared in 

a.49^^6(d>A^z^lHM^13^.09^d.-J-7^-H£,-4H),-45.n,^f^^^^ 

7.86-7.79 (I, J-7.8 lit, llf), 5.22-5 0 (dri, J-19.4 and 34.6 

Hz, 2H), 2.77-2.49 (m, 3H). 2.0-1.94 (m, iH), 1.74 (S, 3H); 
"C NMR (DMSO-d,) 5 173.1. 1723, 165.0, 143.2. 137.4. 
135.2, 130.1, 129.3, 126-9, 57-6, 48.7, 28.9, 27.7, 20.6; 
HPLC (Waters Nova-Pak/C,n is column, 4 micron, 1 50 
ml/min, 240Dm, 20/60 CHjCN/HaPO,.,^, 4.54 min, 
99.6%); Anal Calcd. For Cj^Hj^NaOs; C, 55.45; H, 4.32; N, 
13.86. Found: C, 55J0; H, 4.48; N, 13.54. 

D. 3-Melhyl-3-(4-amino-I-oyoi5oiodoIin-2yl)piperidine-2, 
6-dionc Si 

3-Meihyl-3-(4-niiro-l^xoisoindolin-2'yl)pipcridine-2,6- 
dione (1,0 & 3.3 mmol) was dissolved in methanol (500 mL) All the solid ingredieots are first forced through a siei/e of 
wilh gentle heal and Ibea cooled to room lemperature. To g.6 mm mesh widUi, The active ingredient, Jaclosc, magjie- 
thi.'j .wlution was added 10% Pd/C (OJ g) under nitrogen - sium slcaralc and half of the starch then are mi^cd.I'hc other 
The mixture was hydrogenaicd ia t Parf^ baker apparatus at 60 half of the slarcb is suspended in 40 mL of water and this 
50 psi pf hydrogen for 4 hours. The mi^^ture was filtered suspeQsion is added lo 100 mL of boiling w.ilcr. The 
through celite pad and the cejilc pad w&shed with metlianol ruiuUing paste is added lo the pulverulent subsiances and the 
(SO mL). the filtrate was concent rated in vacuo to a off mixture is granulated, if necessary wilh the addition of 
wbilesolid.Tliesolid Was slurried in methylene chloride (20 water. Tbe granulate is dried ovcraigbt >t 35^ C, forced 
mL) for 30 min- llic slurry was frliercd and ihc solid dried through 3 sieve of 1,2 mm mesb widih and compressed lo 
(60" C, <1 mm). THe. .wlid *'as to rccrysuUized Erom form tablets of appromm^t^iy 6 mm diameter ^h'ich 4iys 
mcihanol (3 timest llX) mJytimc) lo yield 0.12 g (13.3%) of concave on boih sides. 





JDO.O g 


pip«ri(liA-3-yl)- S-nmind 










]Q0.0 9 


whem (lAfcb 


47.0 B 




3.0 B 
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EXAMPLE 20 



1 1 oxa-2'(l,6-(iiox(» 


75.0 E( 


pip eridin-J - yl) mi ao 




iaoiiidoltiit] 




aaonilDl 


230-0 g 


)"Cl»5 


ISD.O g 


Ll)c 






12^ g 


Mearic actd 






1-5 « 


5% gcULtd loltiliOn 





CoinposiU'oa (for 1000 lAbleu) 







30,0 B 










isoiniolina 






hctose 


32ff,!f g 




ccn sibicb 






pDlyethyteoe gfycol 6000 


5,0 g 




lak 


25.D g 




magnesium slfarate 


1.0 g 




demuMralizad w&ler 





22 



Tablets for cbewing, each conlaining 75 mg of ls)XO-2- 
(2,6-dioxopip6hcliD-3-yl)-4-amlDoisoiridoline, can be pre- 
pared in tbc following manDci: 



CAjnpo«ili6i] (for JOOO isblats) 



CoDipMlUOD (lor IQOa C»p«pJc4) 





lOO.D 9 






uoindoliM 




microcryibinuia ccifulae« 


30.0 g 


jodium huryl suiraLc 


20 g 


magMxium ateanie 





All Ibc solid jogrtdienu br first foixed through a sitvc oL 
0.25 mm mesh widlb. The maODilol flod Ibc lacloSfi Ut 
mi^d, granuhted wilb the sdditioD of g^hik solutie>a. 
forced through a sie^c of 2 mm mesh width, dried ai 50" C- 
and again forced ihmugh a j;ievc of 1.7 ffllD mesh width 
1 - 0X0- 2-^2, 6-dioxopipe rid ia-3->J}4-aminoisoindolinCp [he 
glycine and ihc ^■taccbann arc carc^jlly mixcd^ (he maartiu)!, 
Ibc Inclose graauUie, the stearic icid aad ihe ttklt are added 
and the whole is mijcd Ihorpughly ajpci compressed to form 
lableu of approximately 10 mm diameter wliicb ire concave 
on bolh Aides and have a breaking groove on (he vppcr Mdc. 

EXAMPLE 21 

Tablet.^, each containiog 10 mg of l-0X0-2-(2»6- 
dioxopiperi JiD-3'yl)-5-aminoi.soindolinc, can be prepared jn 
the foUowiog maDDcr; 



zs 



The sodium Uury] sulfate l& sieved inio the 1-qxo-2-(2, 
6-dio)iopipcridin-3-yl)-6-ainioowoiDdoliDc ihrougb a sieve 
of 0.2 mm nie!:;h width and the rwo components are inti- 
mately mixed for 10 miaules. Tile miciocryciallinc ccJhijosc 
U ibcD added ihrough a $ieve of 0-9 mm mesh width and the 
whole is again intimately mixed for 10 mirnitcs- Finally, the 
magpedum sicaraic is. added ihrougb a sieve of 0.8 mm 
width and, afler mixing for a further 3 miliulcs, ibc mixture 
is iDtioduccd ia portioos of 140 mg each id to sx^e 0 
(ebngated) gelatin di^-Iill capsules. 

EXaMPL£ 23 

A 0.2% iajeciioa or infu^on solution cao be prepared, for 
example, m the fqJIowing maBDcr 



30 



pqForid in-^-y l)-7-a aiino- 
boindolioc 

plkotpbate buSct pll 74 
c(ainiMTalir.ed water 



5.0 g 



22J g 
300.0 g 

Vi 2500,0 mL 



l-Oxo-2''(2pG-dloxopiperidiu-3-yl)-7'aminoisoiddoliDe is 
dissolved in 1000 mL of water aod fillened through a 
microfllter. The buffer solution is added and the wbolc is 
mftde up to 2500 mL with water. To prepare dosage unit 
forms^ ponionS of 1.0 or 2.5 mL each are introduced into 
glass ampoules (each containiDg ivspcctivety 2.0 or 5.0 cDg 

of imide). 

EXAMPLE 24 

45 Tablets, each coolaining 50 mg of l-ozo-2-(2t6- 
diQ?(opipcridin-3-yl)-4i,6.7-ix;lrailuoroisoindoline, cu be 
prepared in the following manner 



llie solid ingredients arc liisi forced through a sieve of 0.6 
mm mesh width. Then the acUve iioidc iogrcdicDT, lactose, 
talc, magnesium stcaratcand h^If of ibc starch are intimately 
mixed. Tbe other ball of the starch is suspended in 65 niLof 
water and this suspension is added to a boiling SoIulioQ of 
ibe polyethylene glyool in 260 mLof Water. The resulting 
paste is added to the pulverulent substances, and the whole 
is mixed and granvlaJcd, if necessary ur^ih the addition of 
^'alcr. The granulate is dried overnight at 35" C, forced 
through a sieve of 1.2 mm mesh wjdih a|>d compressed to 
form tablets of approumalely 10 lUm diameter which are 
concflvc ou both sides tuld have a breaking notch on ibe 
upper side. 

EXAMPLE 22 

Gelatin dry -filled capsules, each containing 100 mg of 
l<»:o*2'{2p6»dioxopiperidia-3*yI)-fi-ftininoisoindoliDe. can 
be prepared in the following manner: 



50 



CouLktiienu (for JOOO itth\t\i) 





50.0 B 


pipcyiairt-J-yl>^,Jjf!,7- 




1 cin ftiiuru UMJ Lj)d ulnic 






50.7 g 




7.3 6 


potytthyJeiw glycol 600D 


^.0 g 


I»]c 


5.0 B 


mftgtxfliiijn iteante 


1.8 g 


dcmiocralissd u^tcr 


q.s. 



The solid iilfir»idicnls are firil forced thmugh a sieve of 0.6 
mm rocsh width. The active ineredit-ni^ hciuse, laic, mag- 
nesium stearaie and half of the starch then are mi^cd. Ihe 
oiher half of ihe starch is sv!5))cudcd in 40 mL of water dad 
65 this suspension is added lu a boiling soJutjoD of Ibc poly- 
elbylene glycol in 100 mL of water. I'hc rcsulu'ng pasic }R 
added to Lhc pulvcnilcnl .<uh&l.iaccs and the miklure is 
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granulated, if aecess^iry with ibc addiiion of waier. 'fbc 
granulate is dried (jvcrniglu ai 35°* C-, forced through a sieve 
ot 12 mm cncfib width and cotnpres&ed lo forrQ lablcu of 
appro;cimaiely 6 moi dUm^tcr wbich arc concave od both 
sides. 

EXAMPLE 25 

Tablets, each coDlaioioe lOO mg of l-oxo-2-(2,6- 
dioxapipefidio-3-yI)-4,5»6,7-(clfacWoroisoindolinc, can bt 
prepared ID ibe following naaoucr: 



CcuHiiCUCDtt (tor 1000 taUcu) 
4^/i,7-iefnichlAieUaLndoline 

Uiaovc 30O.O ( 

wfcc««ttreli 47.0 J 

imsatfium ulcarale 3.0 g 



15 



20 



All the £olid ingtcdicnis are fir^l fbiced Lb/ougb a sieve of 
O.C mm mcsb widib. The active iagredieni, laciosc, tnagne- 
sbxm sicaraie and balfof ibc starcb ib6i3 air mixed. Tlic other 
half of ibe slarch is suspended in 40 mL of water and ihis 
sih^cnaion is added lo 100 mL of boiliflg water. 'I1ic 
rtsulUDg paste added lo ibepulvemlcm subsiDoces and Ibc 
mzXlure is granulalcd, if nbcessary with the addilion of 
waicr The grOTularc is dried ovtmighl ai 35" C, forced 
throu^b a sieve of 1,2 mxD md^sb width aod cx)mpr«ssed lo 
fdrm tablets of appraxiflsaiely 6 mm diamater wbich arc 
coocave on boib sides. 

EXAMPLE 26 

Tab!el5 for chewing^ each coniaimog 75 mg of l-c?iO'2- 
(2,6-dioxDpipcridin-3-ylH*5,6,7-lcir»fluoroisDiDdoIiDei. can 
be prepared in ibc following maimer: 



30 



24 

EXAMPLE 27 



Tablets, each coDlniniag 10 mg of l-oxo-2-(2,6- 
dioxopiperidin-3-yJ)-4^,6,7M6lramctbylisoiDdoliDc, can b* 
prepared in the foUo^ving manner: 



Composilion (for JQOO tablets) 





30.0 g 


pipcri()ift-3-yl)-HJ.6.7- 




leivmeiayllsii iBila line 




Ipdosc 




corn Aiarcrb 


17.5 s 


polyt^fayleac glycol 6000 


5.0 B 


tide 


25.0 g 




*.o g 







The solid ingredjeois arc first forced ibnsugb « sieve of 0.6 
mm mesh width. Then ihe active inaide ingrt^dicDi* lactose^ 
talc, magacsiucD slearau and balfof the surth are intimately 
mUcd, The other half of the starcb is suspended ia 65 mL of 
water and ibis suspension is added lo a boiling soluiion of 
ibe polyethylene glycol in 260 mL of waler. The rcsullicg 
paste is added lo ihc pulvcruleal subsiaoccs. And ihe whole 
is mixed and granu)atedp if neoe&sary with ihc Addition of 
water. The granulale is dried ovcmlght at 35" C, forwd 
ihrougb a sieve of 1.2 mm mosb width and compressed lo 
form tablets of approximately 10 mm diameter which are 
concave on bolbsides and have a breaking noicb on llw 
upper side. 

35 EXAMPLE 25 

Gelatin dry-filled capsuJeSi eacfa containing lOO mg of 
l-oxo-2-(2,6-dioKopipcridiill-3-yl)-4.5,6,7- 
tctrametboxyisQindolinc^ can be prepared in the foilowiag 
^ manner: 



Cbn^KWl'lipi (fotf 1X0 UbleCi) 



l-ii3to-2-^,i»-aIofo- 


7S.D B 






nuoiDLSDindQlinc 




ikuBinlol 




liaass 


150.0 g 


IbIc 


ZI.D t 




12.5 « 




10 0 ^ 


uccjttrin 




57& gctftlia tOltiUoD 





All Ibe solid ingredicms arc lirst forced through a sieve of 
0,25 mm me&h width. The mannilpl and the lactose are 
mixed, granulated With ihc addition of gctalin solution, 
forced through a sieve of 2 mm mc$h widih, dried al 50" C. 
and again forced Lhrough a stuvc of 1.7 mm mesh width. 
l-Oxo-2-(2,^-dioxopiperidiD-3'yl)-4,5,6,7- 
tctrafluoroiM}indolinc, the glycine and the saccharin arc 
cai^ifuUy mixed, Ibc mannilol, the laclosc granulate, the 
slearic acid and the talc are added and tbc whole is mixed 
thoroughly and compressed lo form tablets of approximately 
10 mm diameter which arc concave on both .Hides and ha^e 
a breaking groove on the upper side. 



CompoAiiioD (for 1000 capmln) 
l-Dxo-2^2,S-(liorQpipeiidii-3- IDO.O g 

uulDaalioi; 

inicTac7y»(nlliac tellulocfl 3o,0 ^ 

RCTdluin Jftury) aUtfaLa 2.0 g 



The sodium lauryl sulfate is sieved into the I-oxc-2-(2, 
6-dio*opipcridin"3-yl)-4^S,6,7-ieiramcthoxyisoindo1inc 
through a sieve of 0.2 mm mosb width and the two com- 
poncois are iniimaicly mixed for 10 minutes. 'JTie microc- 
ryslallinc cellulose }s then added ihrough a F>icvc of 0.9 mm 
mesh width and the whole is again inlimntely mixed for }0 
miauies. FinalJy, the magnesium stcarale U added ihrough a 
sieve of 0.8 mm width and, itficr mixing for a further 3 
minutes, the mixture is introduced in pnriion.« of 140 mg 
c9cb into itia: 0 (clnngaled) gelatin dry-filf capsules, 

EXAMPLE 30 

A 0.2% injection or infusion .^ol^itibn L-nn be prepared, for 
example, in the following manner: 
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l-cio-2-(l,6-di(«opipon(fiii-3-yl)- 


5-0 St 


6,7-[£lninuoroisoi luloline 




Bodmn cfalande 




phoip^ftle buffcT pH 7.< 


300.0 g 




to zioao oiL 



l-Oxo-2-(2,6-dioxopiperidin-3-yI)-4,5,6,7- 
teirafluorQisoiDdoliDc U (fi&solvcd jn 1000 mL of water aod 
filtifrcd Ibrougb a microfUler. He buffer i^olulion i& added 
iod ihe whale is made up lo l%O0 mLwith water, ib prpp;trc 
dosage unii fornis^ portions of 1.0 or 2.5 mL each are 
introduced into glass 9iDpoulc5 (each coDl&ioiog respec- 
tively 2.0 or 5.0 me of imide). 

EXAMPLE 31 

Tablets, each conlaiiuDg 50 mg of l-oxo-2-(2,6-dioxo-3- 
mpUiylpjpcn'dui->yl)-4^f6f7-lcirafluorDisomdoliDe, can be 
prepared in Ibc following manner: 



resulliagpaslc is added lo the pulverulent subsiancas andlbc 
mixture is granuUlcd, if ncocK«;ary with ttic addilioa of 
water The granulate is dried ovcmjght al 35° C, forced 
through a sieve of 1.2 mm mesh width and compressed to 
5 form tablets of apprgrimatcly 6 mm meter which are 
concave oa bolb sides. 

EXAMPLE 33 

TablelA for chewing, each conUUilOg 75 mg of 2'<2,6- 
dio^opipchdin-3-Vl)''^-aminophihilin]ide, can be prepared 
in the followiDg manner: 



CompGwitioD (for 1000 Ubteu) 



20 



QiniLilusDU (for IQOO i*l)lcU) 



1 -03(0 -3-(3,MLagco- 3-mc (hyl 


50.0 K 


piped ditt-i-yl)-Afi/ip ■ 




>elroAl>o|olloCfidoIuse 




Inctotc 


SU.7 £ 


wheal %[&fc}i 




palyelfaytent glycol 6000 


5.0 g 


Utc 


S.Q g 


mogtucmm uumlc 


].d g 


demimralized "^Ur 





1^(1 fi^ ip^(v3.|ne th ylji jpen'd in 

3-yl>a-«miiiopl)[hiliinidc 

J&moae 
lalc 

iteftne Acid 



75.0 s 

230.0 g 
ISO.D g 
21.0 s 
12J g 
IQO g- 
3.5 a 



Z5 



The solid ingredients are flt&l forced ihrougfa a sieve «f 0.6 
mm mc^ wldLb- Tbc adivi; iagrcdioDl, lactose, talc, tmg- 
ncsium stoaritc nnd half of the starch then are mixed. The 
otbcr half of ihc aarch b suspended in 40 mL of water and 
LhU siupCDSioD is added to a boiling solution of Ibe poly- 
ethylene glycol in 100 mL of waler The resulting paste is 
added Id ibc pu1vcni|cni $ub$taDoc9 and ibp tnixt\ire is 
granulaled, if ncTOSary with Ihc addition of water. The 
granulate is dried ovemighl al 35° C, forced ihruugh a .lievc 
of 1.2 mm mesh width and compie^sed to form Ublcls of 
approxim^itcly G mm diameter wfalcb are conca'^ft on both 

sides. 

EXAMPLE 32 

Tablets, each containing 100 mg of l-oxo-2-(2,6- 
dioxopiperidio-3-yl)-4-aminoisi>iDdol2ne, can be prepared in 
the Jfollowiag maDocr; 



35 



All the solid ingredients are firsi forced ibrougb a sieve of 
0.25 mm mcsb width. Tlie manm'iol and the lactose are 
mixed, granulated with the addition of gelatin solution, 
forced through a sieve of 2 mm mcsb widib, drisd ai 50" C. 
and again forced through a sieve of L7 mm mc^h widtli, 
2-(2,6-DioiD-3-meihylpipcridin-3-yl)-4-amiDophtbalimide, 
the glycine and ibe saccharin are carefully mi;ced, the 
mannitul, the laclo.'ic granulate, ibc Mcan'c add and ihc ulc 
arc added and the whole is tttixed tborougbiy and com- 
prtssed lo form tablets uf approximately 10 mm diameter 
wbicb are concave on both sides and have a brtakiog groove 
on the upper side. 



EXAMPLE 34 



^ Tablets, each containing 10 mg of l-(2,^- 
dioxoelhylpxperidin-3->l)-4-aminopbchaIimide, cap be pre- 
pared in the following manner: 



CampoaHion ([oi 1000 uUJcIb) 



50 



Z-{2,6'(rio acwthylpipc ridiD-3-yl)- 


30.0 g 








328.5 B 


GDI a BUrcb 


17.5 g 


palyeibylcot glytt) GOOD 


5,0 g 


1«]c 


25.0 g 


RiB^wnim Btearila 


4.0 g 


ilcmincrDlcEcd "^lar 





pip6ridin-3-yI)-*-Biniiio 
i»iDdolio« 



7000 g 



i00.0 g 
47.0 K 
1,0 g 



All Ibe solid ingredients are ftrsi forced Ihrqugh a sieve of 
0,6 mm mesh width. The active iogtedieDl, lactose, magne- 
sium stearate and half of Ihc Starch then arc mixed. The oiber 
ball: of (be slarch is suspended in 40 mL of water and this 
suspension is added lo lOO mL of boiling water. Tbc 



55 Hie solid ingredients are first forced through a sieve pf 0,6 
mm mesh width. Then the active imide ingredical. Inclose, 
talc, magnesium stearate and half of (be starch are intimaicly 
mtied. The other half of the starch is suspended in 65 mLuf 
water and this suspension is added to a boiliDg soluuon of 

60 ibfi polyciliylenc glycol in 200 niL of vaier. Tlw resuliing 
paste is added to ibe pu [senile nl subs/anccs, and tbc whole 
is mixed and graqulatcd, if ncoc&sary Wilfa ihc addiltun of 
water, 'flic graoulalc is dried overaighl at 35' C, forced 
through a sieve of 1.2 mm mosb width and compressed lo 

65 form tablets of approximately 10 mm diameter whicli ar^ 
concave Od both sides and have a brcalcing notch on the 
Upper side. 
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Celalin dry-filled cap^lcs, each conLiuiiDg 100 m of 
l-oxo-2-(2,6-dioxo-3-niciby]piperidin-3-yl)-4,5,6,7- 
Iclrailuuroisoladoline, cad be prepared ia Lhe foUowinj; 



CompoibiOD (for 700d capsules) 



mc ( h yip ip sr Win-3-yJH^,6j 7- 
Ictnftu 0 jtiisiiLadoI ine 
^uc^x:ry(lUllin« cellulctfc 



100.0 g 



30^ g 
B-0 6 



Hjc sodium Uuiyl sulfaw is sieved inio ihc l-oxo-2-(2, 
Q-dioXo-3-melbylpipcridin-3-yl)-4,5,6,7. 
telraflugroisolndolinc Ibfough a $icvc of 0,2 ram mesh width 
and Ibe iwo oompodents arc idlimalcly mixed for 10 mia- 2o 
Ules. The toicitcryslalline tirllnlose is iben added ihfotigh a 
sicvp of 0.9 vara mesh width and ifac whoJe I's again 
iolimalcly mixed f^r 10 minulcs. Fia^Uyp Uic aagne&iuin 
filearale is added through a aieve of O.S mm widlb and, aflcr 
itti^ng for a briber 3 minuleK, ibc njixiiuc Is iotroduccd in 25 
portions of 140 mg each into size 0 (dongaicd) gelatin 
dry-fill capsules. 

EXAMPLE 36 

A 0.2% iojcction or infusion solution can be prepared, for 3o 
ejcamplc, in (he following manner; 



^. The melhod accordiof; to claim 1 whcreiD said di$easc 
is inflamniatoiy bowel disease, 

5. The tnclhod according lo claim 4 wherein .said inflam- 
maldry bowel disease is Crohn's disease, 

6. Tbe method aaxjrding lo dairn 4 wherein 5«id ioflaTD- 
tDAlory bowel disease is ulcpralive coUtis. 

7. The mcLbod according to claim 1 wherein said disease 
is 3D nrthntic coodilion. 

H. The method according lo claim 1 wherein said disease 
Is sepsis. 

9. Tbe method according lo clain] t wherein said disease 
'is Jupus. 

10. The method according lo claim 1 whcmin said disease 
is eicylhema Dodosum leprosum. 

11. The mclhod acconiing lo daim 1 wherein said com- 
pound is admiDUilercd orally orparcnltrally. 

12. The method according lo claim 1 wherein said com- 
pound is administered in oombination with a therapeutic 
agent. 

13. The method of claim 12 wherein Said thcrapcuuc 
a gen L is a steroid, antibiotic or neoplastic agent. 

14. Tbe method of daim 1 wbeiein said oompouod js 
adminisLered orally, 

15. ItlB method of claim 1 wherein said compound is 
administered parcptcrally. 

16. A mclhod of irealing an oncogenic or cancerous 
condition in a mammal which comprises admiuisiering 
thereto an cjOTcclive amount of a cornpound of the formula: 



l-fl3io-2'<2,6-diDX*.3-melLjfl 
ptpcrit]ui'VyIH,S,6,7-U!influoro 

Kodium chJoriile 

deoiiftcntizcd wisr 



5.0 g 



2W g 
Lo 1500^ OIL 




NII3 



l-Oxo-2-(;2,6-dioxo-3-mcthylpiperidin-3-yl)-4 ,5,6,7- 
tetrafhioroisoindoline is dissolved in 1000 mL of water and 
filtered through a microfilier. The buffer solution is added 
and Ifac whole is made up lo 2500 oL with water. To prepare 
dosage ■unil-forni9,-portiona of l,0-or-2:5-mL-Tacb air 
introduced into glass ampoules (each containing rcspec- 
livcly 2.0 Of 5.0 mg of imidc). 

What is claimed is: 

1. A method of Irealing inHammation, inflammatoiy dis- 
ease or autoimmune disea.se in a mammal which comprises 
administering thereto an elTeclivc amount of a coimpound of 
lhe fofinuh: 



or an acid addiiion salt thereof 

17. The method of daim 16 wherein said compound is 
administered orally. 

IS. The method of claim 16 wherein said compound is 
administered parenteraUy. 

19. The method of claim 16 in which said compound is 
administered in Combination with a therapeutic ^gcnl. 

20. Tbe mclhod of claim 19 wherein said therapeutic 
agentlSTTBTcmii^beoplasTic' a"^ni or aolibloticV 

21. A pharmaccuijcal composition comprising, in combi- 
oaiion with a pharmaceuiically j^od physiologically suitable 
cinier, a compound of the formula: 





or an acid addition sail thereof. 

2, The method according to claim 1 wherein said disease 
is rheumatoid anhriiiR. 

3. 'Hie method according to cUim 1 ^herein said disease 
ia nsteoariliniis. 



or an acitl addition salt ihcjcof, in a quantSiy suIEdcnt upon 
(iQ adminislraiiun in a single or multiple dose regimen lo 9 
mammal lo produce al least One of the effects of improving 
an oncogenic or c^incerous condition, reducing 
inflaoiiuaiion, or improving autoimmune disease. 

22. The pbarmaceulical oamposid'nn according (o claim 
21 in which Said dosage form is selected from (be group 
consifitiog of powder, tablets, capsules and injectable com- 
positions. 



t.5 
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23. The pharmaaulical composiiion of claim 21 wbicb is 26. Ttc phannaccuiical coDiposilion of claim 23 whcrejp 
administered in cowobinaiion waih a Ihcrapeutic agcol, .sHjid Ibcrapcntii; agcci is an anMn^opUsiic agcni. 

24. The phaimaceulica! oompositioD of claim whwcin 
said tberapeuiic ag^al is a &Iercid. 

25. The phamiaccmicAl conipoaition of cUim 23 wherein 5 

said thcrapcuUc agent U an aDtibiolic. ■ * r » * 
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Sci* Pharw- 49, 67-99 (19B1) 

fSfi AftSre 0XZD2 S770mSIfi OP TH3aXD0}QBE XCTlOH. 
CONSIfi^ZXOHB OX TBZ XOLSCUIAR M^CSMIBK 0? \CTZQH 
A/ THE ""CXi&fiSXCW T£aAl09SV« 

K. Xocb 
:%eceived June 14, 1930 



It viJtl aeon too the tventl«th anniversary of tlia day that narks 
an historic data, the event that has impressed itaair on tha 
condclousn«3s of nan as tha '*grreatd5t phamacautical catastrophe 
of all tioc." on November is, 1961/ the suspicion was openly 
BXpressQd for the' first tiae** that thalidobide (or Contergan, as 
^a preparation uras called ac chat tiioe) was the causo of the 
unusual frequoncy of severe and v&ry severe daforalties In 
nevborn chlldr&n that had appeared lllce an epidemic since about 
1959 in various. European and overseas countries (1£2, IS9, 264). 

TVo deestdas have elapsed since then^ and it gives food for 
thought chac in this long period of titoe, in spite of intensive 
efforts, ve have not been in a position to explain satisfactorily 
the molecular Dechahisn of action of this relarively sistple 
compound. For that reason^ it seems to be time for us to 
consj^der this problem again. 

over the tventy years j innumerable e^erimental data have been 
compiled, and the ti^e may nov have come vhen ve can and should 
set about a critical examination and aBSe^smant of the findings. 
In Che nsantlme so much circumstantial evidence has been 
collected that an explanation of the final cause of this 
unforeseen event which is unrivalled in the history of 
pharmaceuticals seeins possible. The pieces o£ the mosaic are 
little by little being reconciled into a picture and the hope is 
justified that tha pieces that are still missing will also soon 
be round and tha last "blanJt spots" will be filled up I 

The author vho himself has been occupied vlth the thalidomide 
problem and the questions associated vich it for vany years (66, 
,130-142, 144, 145, 221-*226, 259), is proposing a new working 
hypothesis and combines this vith the desire that it will be a 
stimulus to further, targeted research and thus viH be able to 
contribute to a definitive solution of the problem. 



" Dadlc#tci to Prof' £. Soo« an hJL« 70th birthday. 



Am * di«cv»»iort contrifiucleft by prof. Wlaukind I.*nz ac a m«atln<y ot tha 
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Vrioz tlatosT 

Thalidonide (71^.1) c&ne on to tiie B^rkat for tha fir^t rlae in 
tha fall at 195? and %ftsr a shore tlad enjoyed eactraordinary 
pepulatity as a tranqullizar and sadative, probably tacausa It 
does not produce unpleasant after-effects (''hangover") llJca other 
hypneties and beeausa it pessesso alaoet no acuts toxicity (no 
danger of suicide) * 

The activtt ^ubat&ncQ thalidcxBlda {XKH) cama on the narket in many 
countries under numerous tradenames of which Contergan* was the 
b«3t-)cnown- The drug was given perorally (tablets, ayrup) and 
rectally in a dosage of 12,5 to lOo n?. in Kay. 196q, s.s 
million, and in January, 1961, over 20 million daily dodee were 
aold. About 700^000 cltiaans of the FRO took It regularly (3t9) p 

^thalidomide 
*'K-17," a-phthalijaidoglutarialde 




CuHioWjO, WW - Z5B,23 

CAS (50-35-1) 



M-Phthalyl-glutaaic acid iaide 

H"- (z , 6-Dioxo-3'*pipflridyl) -phthalialda 

K-(2 , 6-0ioxo-3-plperidliiyl) -IH-isoindolc-i, 3 (ZHJ -diona 

?ig. 1 

However in the course of tha years l9Sa-l96l, at first singly and 
then ever more frequently, reports on side effects were received 
in which nerve danage ("thalidomide polyneuritis") was attributed 
to Contergan (64, 15o) . Then in November, I9<1, when the 
suspicion was expressed that cencer^an caused mal£omatiens in 
the UAborn child (**yiedeaann syndrome," "thalidomide 
embryopathy,** "dyameiia/' etc.), the manufacturer iaaediately 
took all thalldottide^contalning preparations off the market (152, 
279) - 

Shortly afterwards^ several hundred mothers caae forward vho had 
botna children without anas and/ or legs^ with hands directly 
attached to the shoulders and feet directly on the trunk ("seal 
limbs,'* "phocomelia") as well as witA orner more or less serious 
defects C^ye^, ears^ hearty etc.) (rig- 2} and who stated that 
they had taken Contergan during their preghancy. All together, 
worldwide^ several ten? of thousands of malformed children had 
been born and at least the same number had died non-viable (279). 
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TJiat a causal ralarlonship «acJ,st5 between cha taXlng of 
t^alidoald« ftnd tha appear &nee of tiidss ao-callftd congonir&l 
Balf orma'Cions 1? no% a qu«stion and la no longer seriously 
ehaXl^ged by anyona. T^e obvious evidence for this is Ua 
eorrala^ion bai:v«en th^ ssiles. figures for Contergan,^ for axampla 
for cha city of Haoburg (Fig. 3;. and ti\B increesed oceurranos or 

f'-^ s&lfomed newboma in the period fron 19^0 to 1962 at the same 

'^f place. The path of the curves, except for a shift in tine by 

niha months 4 is practically parallel and al&osc eongraent. 

if siailar curves also result for other places and for the vhola Flic 

^: (160) : 



r 




Fig. 2. f>hocoDelia 




. ' ,6 — 

wo t9tt iSt2 



Fig. 3. Contargan salas and malformations 
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It is hlgbly cpecX/ic: anom^Xies vara only trlggared by 
i:haXidoald« whan it vas taken at thft so-called "aensltivs 
pbaso.* this phase ot the emfiryonlc developa^nt is ^ itsalf 
very bri^f: it i.^ only la days, froa tha 34ch to cbe 52nd day 
after tha l^ac aen^truation/ vhich correspond^ ro tha period 
from tha 24tn to 42nd day a£tdr conception. Before and after 
that thalidofflide had no teratogenic action « Within this 
eansitive phade there is a strict "t lining" for tha occurrence of 

^ certain BaljCerakationa en the sxtrenitiee and organs fi55, 156, 

U1 ISa, 153, CFi9- 4). 



?ig. 4% Sensitive phases of etoibryenic 
devalopa^nt for thalido&ide. 




*1 fianetoganesis. , , , ■ > . j.. r.mh,.,Mu. n palafce 

*2 BXastoigrenesi^ 



I rftbtvocfaiBslg I fetal dyltnt. 

Conception * D^r&t« period in wks . 



The following faot, vhich fias already occaaioned too nuch 
controversy, also appears noteworthy; Not in all cases in which 
thalidoside had demonstrably been taken by the mother-to-be were 
ttalfomed children born {Ii8, 161, 2i9, 242). Lanz, addressing 
this phenotoenon characterized che "penetrating power as 
somowhera between 50 and 100 percent" (ISiJ. 

Tnus it seens that a specific (genetic?) disposition is 
neceasary in the Mother and/ or child, possibly also a "second 
noxieud agent" Ci2B) as an additional daaaging factor for the 
thalidoaide teratogenesis, 

X3 t&ara a specific *-thalidoaida recaptsr? 

But vhat is this factor? That it is identical with a specific 
biological reaction partner of the thalidomide molecule in the 
organisB/ the hypothetical bat to the highest degree specific 
"tballdoElde receptor^" is self-evident. 

The search for the thalidoaide receptor over all these years has 
only been acconpanied .by aoderats suceasj. ^fuaerous 
speculationa have heen aada.. and a aultitude of original theories 
of action have been proposed, but none of theta brought the 
longed-for explanacion. They mosrly did not withstand folZovup 
testing by e3cperiae^c or rcwained unproved. 
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HeXB/ tliora^ora, is only ^ kay-worcl-Uica liaclng of U»e toost 
Inporrant o£ rhcse t>&lidoalde theories. We must forego & aore 
dQi:&il«i2 discussion of che proposals and exrperXisancal findings 
Aarft. Tne Incsrested redder is referred ca che original 
licerature. - 

- GlUtiaic acid antagonism (21, 50, 52-54, 72, 104, 149, 151, 
179, 198, 2Q4, 213, 228, 229, 235; 252} 

- PoUc acid antagoni^o (46, 54, 74, 151, 204, 213, 243, 
278) 

- Vitamin anacagonisa (21, 45, 5a, 51, 62, 72-74, 76, liO, 
12S, 126, 191, 192, 206, 223, 234, 235, 267) 

- Xcylation hypothesis (24, 29-31, 49, 58, 63, 239, 245) 

- ImttunoBt4ppra*sion flB, 22, 26, 33, 37, 38, 44, 47, 67, 71, 
82, 87, 9B-100, 109, 157, 200, 201, 20S, 227, 270, 277) 

- DNX ihtarcalatioh (23, 63, 77, 103, 144, 255) 

- Proline hydroxylase inhibition (19, 152, 209, 211, 2i2) 
* DisturbAhcB of ee&lf icaCion <163, 164, 230-233) 

- Eanbryonic peripheral neuropathy (170, iBO-ia^) 

- Endocrine dys regulation (14, 24, so, 88, 166) 

- Hesodena damage (240, 2S1, 282) 

- Inhibition of cellular respiration, anenia, hypoxia {12, 
35, 43, 4S, 52, 73, 83, 96, 125, 126, 220, 289). 

There were curious ideas Among these, such as the grandiose 
speculation of Hellmann at al, (9B*100, 270), which was refuted 
long ago (22, 33, 37, 157, 227, 277), hut which always baui>ta 
soae peopla, and those, basad on serious considar&tions , such as 
a vitanin or anihoacid antagonisB, but that have not bean 
successfully prt^ved or disproved. 



the acylation hypothesis has been fierieusiy discussed and uorJcad 
on, bur J) as since bacn clearAy refuted (S3, 107), a.nd finally the 
DMA intercalation hypochasls, which we ourselves favored for a 
long-time (136-142, 221, 222, 224, 22S, 259), . According to tha 
Bfost recent findings it liJcevise appears not to be tenable, but 
nevertheless as an (albeit false) vorJcing hypothesis it h&s 
contributed not insignificantly xo the development of the 
non-^eratogenic chalidoffiide analogs raglutimide (i, 66, 130-I42, 
14?, 221-226. 259) Atid Supidiaide (9^ 101, 102, 106, 250, 284) 

(Fig. S)* 



Taglutimide and Supidl^aide 



p 



0 




Taglutimide 
(Bigluiaida, K-2004) 
[CAS 14166-26-aj 



Supidiaide 
(CG*3a33, EM-67) 
[CAS 497SS-74-2] 



Fig. S 



V 
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atruotural r«4utraaoatj fox taratagaaleir? 

Zc ia in any cass estabXlahed that carcain structural Ceaturofl of 
the terategsAic substanee • thera ia a series of thalidoalda 
analogs, th&t axcc«d tha original thalidomide in th^ir 
csratoaenicity; sometimas by a oaltlple factor (Tig. G) ^ are 
aascnrial for the anbryotoxic and taratoganic activity. 
Cartainly it i» also found that thesa structural characteristics 
are absant froa tha analogs of thalidomide chat havo proved to be 
non-taratoganic <Fig. 7) - 




\ 
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^/P {133,166-1881 



4S0 (ii6.lB6.lB6.2e6) AgJ (1i7,U8.75e.2l4) 



lOH. 




CO 



0 



COOH 



COOH 




CO 



A[ C0NH2 



0 0 ■ 




A 31 (631 




0 >-KH 
0 



Fig, 6. Teratoffefiic thalonide analogs. 
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rig. 6 (contin-ued) - Teratogenic thdlidomida analogs. 
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rig. 7. Non-teratogenic thaiidontde analogs. 
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'CONH2 
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^COOH 
COdH 



CONH2 

COOH 



CONH2 

CCOH 
■COOH 
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causative principle. J^*.^'':^^, ^he DMA intercalation 

receptor* 

=tady or th. structure-ertect 
practiced and (more f '"^^^y' x^„e?Qrc . wny researchers, 

including us, P"f!e then available observatiors the 
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toMophace phnrmffcnphora 
'* \* ■ ■ —1 

0 0 

minlfnum tersmgenic structure 

... 
^C-IJ-C-f-C-R 



r 

rig. e 

For tha realization of th« teratogenic effect, 'the aromatic rin^ 
syste&i (ptithalinide, bsnzanide^ etc.) is essential* The 
planarity of the l&ctsr, which was for a long eiue hold to ba 
esfltntial (117, 133-140, 142, 144, 145, 221-236, 259), may 
hovevor play no part (63) , 

The side-chain or the glutariwide ring evidently partlcipata 
essentially in the bonding to the receptor. Compounds that do 
not fulfill these etrucxural specifications. (Fig, B) , or do not 
fulfill then aufficiently, are not teta technically active. 
Derailad .dlseusalona of the structure-act ivicy relationship in 
thalidomide and ralated compounds are found in (51, xi7, 133, 
244, 253)* Here, ir is sufficient for ua to aalntaln 'f or the 
present that the aromatic structure Is the basic retirement for 
the teratogenicity. 

As for the rest, the soporific and sedative therapeutic: activity 
is' definitely linked to the intact glutarimide ring (Fi^, 8). 

Bldtraaaforaiatioa to an <'activa metabolite" 

Kow does the specific biological reaction occur that finally 
leads to the teratogenic affect? We must start from the fact 
that it is not the original thalidomide molecule itself that 
engenders this reaction. Rather, the latcer first of all 
experiences in the organism a completely specific change that 
first makes it capable of reacting i^ith a biologically important 
macrcsolecule, for example a nucleic acid, a protein^ a membrane 
constituafit, etc. The by nature inactive thalidomide molecule 
jaust first ba shifted to a "reacxive state.** This bioactivation 
iff the Jcay to the ejeplanation of the tsrata^enicity . 
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iz Is not to ba assuasd thai natura has reserved a completely 
privacfl aatabolic patJi to tivalldo&idie. He therefors need only 
look around at what changes aromacic compounds in ganeral are 
subject to in thd higher organisais. In this vay ve dneouiiter the 
ubiquitous nataJbolistt of aromatic compounds by che oaeygen- . 
tfaJisferrlng nicrosoaal enzyme system, the most important 
coaponsxits ot which ara arylhydroxylasa (AHH) and epoxld^hydrase 
(EH) (40, 114, 21ti, 217). 

To iXlustrata tha determining procaeses, ve consider the 
aet&bolisffl of bromobanzene, one of the best studied siapla 
aromacles (Fig. 9} « which will be reprasentative of all those 
aronacie compounds that are subjected to similar 
biotransformations and that can therefore trigger comparable 
biological effects (25, 40^ 114). 

Matabolisa of broaobenzene 



Bxcinobenaene 



hlerpsgneg 



fir 



nan- covalent bond to 
mvmat . biapoljmers 

{EWA, proteina) 



broncbenzene epoxide 

jinn*pn?;yita.C!^.„..,.-, I _\.. 



t£vdc effect 



[STTC* 



I 



cxanjggatad 
necobolitas 



Br 6f 

-0 



\ 



OH 

p-bi uiuphenol 



Br 



ffutotiwi^' bxcniobanzene 
Br 



HO H 
btccRohenzene 



"mercapturic acid" 



•5 H OH 



conjugated 
.tneta^lices 



Cys-5 H 

J, t ■ Qitif on O -A ■ * . J- 



Fig, 9 
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IC is ^ite conc«lvabla char the aroaatic thalidomide undergoes 
analogous changas in the e7g&nid&. NmQrous exporimental 
findings paint to this. It can be assuned that it iitltiatss its 
to^ic effaces in this way, as ifi known from many other arozaatia 
compounds. Hovavftr thaea effects &ay be referred to ^ as 
hepacocoxiclty, embryo toxicity, teratogenicity, auta^eAicity^ 
carcinogenicity^ immunosuppression, cytostatic effect, etc. - 
they can all be tracad back to the saao primary cause/ the 
interaction af a reactive metabolic irteruediate virh an 
important biological aacromolecule* 

Zn the case of brojnobeinzenei the fate of chis coapotind in the 
organism has been studied in particular detail, and it Ig nov 
knovn that ix.s toxic effects (primarily hepatic necrosis) are 
elicited by an active metabolite, This aetabolita arises On 
oxidation by the microsomal enzyme system of the liver and other 
organs; it is a aimple epoxide. 

It seems to be a faulty design of nature; The sase active 
metabolite that is provided a3 che basis for detoxification at 
the daise time is shown to be a powerful toxin for the cells. The 
process that should fay rights protect the organism from damage 
under seme circumstances becomes its doou. The path betveen 
detoxification and toxicity is a dangerous Journey on a 
Jcnlf a^adgei 

continuing vith detoxification, it is possible in different vays, 
with, as stated^ the reactive epoxide (arene oxide) representing 
the Jcey point and the branching site. 

The epoxide is the starting point for the mono- and 
di-hydro^lated metabolites vhich as hydrophilic cosipounds can be 
more easily eliminated than the lipophilic parent compound and 
which can, in addition be made to be still more intensively 
eliminated In the urine and bile by conjugation with glucuronic 
acid, sulfuric acid, asinoacids/ etc. 

The predojninant route to detoxification in the case of 
bromoben£ene is by coupling with glutathione (GSH) and conversion 
over several Intermadiate ataps into an N-acetyl-cystaine 
conjugate, a so-called mercapturic acid (rig* 9). 

In this connection, it seems important to establish that the 
detoxification capacity of the organism i^ limited. In the 
mercapturic acid synthesis, for exaaple, the actual CSK 
concentration is detanaining for the relative amounts of 
hydroxylated and conjugated mat aboil tes {non- toxic metabolic 
products) .and chose of the free epoxide, vhich is bound 
covalentiy to macromoleouXas (and thus causes the toxic action) . 
The conjugation due to the 900a-g fraction of the rat liver rises 
^*ith Che GSH content, while if the GSH is deficient the extent of 
covalent bonding increases anoraously (Fig, 10) (lis, 288), 
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mere is & tlB-ttChqld ("CSH threshold") for tha afficacy of this 
d'etoxifleatlon route. On the other hand, on flooding with the 
•coxin the supply of conjugation agents i5 rapldXy exhausted, so 
that the danger of toxicity beeoiaes acute, 

It would not be aoisd to assuae that the relations between the 
other detoicification routes are fiimilar. The supply of "activa 
sulfate" (PA? 5) , "aczivs glucuronic acid" (UDPCA) , "actlva 
aethyl** (SAM) etc, la also not inexhaustible. 

The regaining reactiva epoxide now arylatea certain 
macrottoleeulos, presumably huclajle acids (DKA. UNA) and/or 
protalna (anzynes) by bonding to them irreversibly, tnua forjaing 
a covalent bond the acceptor. 

It is obvious that such an irreversible arylation is equivalent 
to a denaturing of the blopolyaer, which is not coopatibl* with 
its normal function. A phenomenon of this Jcind nrust lead with 
directly coneluaiv« conse^ences to a serious disorder. 

Consider this further- Theoretically, a single thalidomide 
Boaecttle on reaction with a nucleobafia In an important section of 
the DKA already affects the replication o£ a cell in division so 
much that subse^ently a malformation occurs. 
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Pia 10.- In vitro aetabolisn o£ broBobenaena by 
Mt liver hoBogenac. in the ptasence oC 
varying aBounts of fiSH. 

IS, a very te* " ^ . sensitive phase of embryonic 

trigger nassiva defects J"^^^^^^^";*^^; -^^^^ mechanis^ia and 

V. or its active metatolite is bound tightly to certain 

BroBobenzane pre-treatment with enzyme inductors, 

liri^^i^J^^ 

or necroses at the liver. 
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Inductors and Inhiblrora 
of rhe drug-mfttabolising enzysk^a 




Pntnettrbitat 
(inductor) 



9 



Ftp9ronyi bUtOXide 
llnniDilorl 



Praaaifpft (SKFS2SA} 
irnnibiro''l 

H,C— CH— ecu 
* V / ^ 
O 

TCPO 



rig- 11. Inductors and inhibitors of the enzyme aysten 
metabolizing foreli^n substances 

"Tr*nal«ory-llvar_dMag«_yitli wbon tatra ch Xorida 



in Che Casa ot tbalidoaide, tftcre as solid eviienca that 4 
siailar a.chanisni is in^oXvad in tna realization of its activity. 
This is the transitory iiver dainage with carbon tetrachloride 
already Vcnown for a long. tine bat not correctly aaseased as to 
its signiXicancfl. 

A3 early as 1964, Heine at al* (95) suspected that "in tha 
genesis of malformations by thalidomide an as yet unknown factor 
chat is parhapa related to the process of detoxification of 
thalidoBldo in tHe organism" is acT^iV^. Their eict>eriaents on 
rabbits' fc/ith CCl,-daBaged livers indicate the special part piayad 
by the livar in tha ganesls of the vell-knovn abnormalities, 

Heine et al- (94-97) vere abla to produce, after prior liver 
daiaaga with CCl, in rabbits, a high percentage (> B0%) of 
embryonic nalfona^tions with thalidomide, whereas this had 
previously not been possible or not to as great an extent. 
Later, wa too vrare able by using CCl^ in rabbits to elicit almost 
100* malfonaatlons with thalidomide (142, 259). Suppleaental 
adainistration of ATP made it possible to partially antagonize 
tha damaging effect or the tnalidomida/CCl^ combination (97), 
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Thi* eaepariAent shows ca early that llv«r damage vitn 
rapfBSfttits ail additional noatflous agent (128) which ondnoously 
raises the psnetratihg povar cf the thalidoalda; during this, it 
io to ba aftlnt^iiTiftd that CC1« alone does net have a teratogenic 
effect (94-96) r 249, 266) and that ATP may be able to negate the 
CJ result of liver doaiage vitbin certain liaits. the ATP ia 

'"Z evidently neeessary for the subsequent conjugation reactions 

during the detoxification. The ATP def ieiency occurring vith the 
IJ' CC1« deaege to the liver and the assecidted aetabolic 

'"1: disturbances on ti^e other hand accentuates the full teratogenic 

'^f' effect of the challdoaida (B7). 

r The liver daaage due to CCl. as is Icnovn aeanvhile, does not 

H disturb the degradation of the thalidoaide occurring aaiAly by 

the hydrolytic route. Heine and stUwe (97} found no significant 
^ difference in the Mood levels (of unchanged thalidoaidel) 

between rabbits Vith diseased liters and tho^e with healthy ones. 

Their conclusion froa the results of this eacperlment that "a 
^ di«turbanee in the degradation of Che thalldoalde does not occur 

as a fikSUlt of liver deaage** aight of course have been hasty. 

& It is ichovn froffl the aost recent studies that tho aetabolitea of 

^■^ CCI4 are also bonded covalently to the WA, the proteins, and the 

lipids in the cell nucleus (42) . Why should this not also be the 

case vith thalidomide? 

■J The fate of thalideaida in the aaaaalian arga&iaa 

At this point we aus-c flash bacK briefly zo the fata of 
thalidotiida in the animal and huaan organ! sa. The 
pharaacokinetics and aetabolisa of the substance have been vazy 
iJioroughly studied by several groups of authors (10, 11, S3, 54, 
60/ fil, 90^ 124^ 24€, 248, 263), and the results explalti a fev 
phenottena that ^ra related za the particular teratogenicity of 
the substance. 

After peroral adainistration, thalidomide is rapidly and 
practically coapletely absorbed and distributed fairly uniforaly 
in the body. Experiments on pregnant aniiaals (aouse, rat) showed 
that ^*C-labelled thalidoaide easily penetrates the placental 
barrier* Tho radioactivity found in the fetus is comparable to 
• that in the aother animal. 

The pharnacokinetics also show that thailidoaida and its 
aetabolites are mainly excreted in the urine, 34 hours after 
p,o- application of 10 mg/kg **c-thalidomi(ia in rats, two-thirds 
of the dose adainistered was eliminated in the urine, while only 
about 10% was contained in the feces. After 9€ hours, 93^3% of 
the acrivity was found *gain in the urine and feces combined. 
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In the organism^ t&alidomida is subject to a siapla hydzoL/tlc 
degradation, wh«r«t)y all tvolva eone«ivabla eleavago products 
appear. Va ourselves hav« synthesized alX t&e coqpouiidfl shovn In 
Fig.- 12 and have doveaopsd a Rapidly raaliccd, aenaiilve TLC 
method tor their detection (223). 

fr^^, The siaple hydrolysis product 0/ ujilike ths lipophilic parent 

substance, are ienizable, hydro^hlllc eoapounds (none-, dl- and 
tricarbexylic acids) . JVt physiological pKs, th^y ^xist as 

':z hydrated Ions which still have only a greatly dlAlnlshed 

^J} penetration capacity for the lip id-rich, biological membranes. 

,^ Tha hydrolytlc degradation goes fairly quicJcly: at ptt 7,o, 7.4 

and a.O, balC-lives of 11.5 and 1.25 hours vere reported for the 

If' spontaneous hydrolysis of thalido^ida (24?)* 

f"^ Tha ''aoiis strap" typo ths sis 

^-.c This tact led early on to the conjecture that it Vas not the 

intact thalidomide molecule but one or mora of its metabolites 
,5 that vere responsible for the teratogenic activity fH9), The 

thalidomide molecula, according to this hypothesis, vbuld only 
function as a transport-form for the teratogenic factor i which in 
jf this vay would be "smuggled" into the embryo. Since the 

thalidomide that penetrates into the embryo is subject to the 
same hydrolytlc degradation as in the maternal organism, the 
CI netabolites fomed on the spot would be caught as though in a 
-ZtL-.... .liflfiiise trap " and co uld no lon ger leava the embryo (S6, lis, 121, 
n 123, 244) , " "■' 
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Fig. 12. ThalidoiDide and Its metabolites 

There is no doubt that this enrichment ot hydrophilie and also 
teratogenic TBetaboiices (135, 14 6-146, lafi-lBB, 214, 286) in the 
embryo also raises the concentration of reactive epoxide at tha 
sits of action itself. Presumably this increase in concentration 
of the teratogenic agent is so great chat in this way the natural 
datoxificarion and repair mechanisms are overtaxed and thus 
became ineffective* Certainly, in the realization of the 
thalido^nide action a pharmacokinetic factor play3 a not 
unimportant part. 
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There is still another important indication that argues tor the 
postulated iriechanism of thalidomide teratogenicity. :l Besides the 
simple hydro lytic cleavaae products so far mentioned here 
(Fig. 12) , in the mammalian organism nuclsar-hydroxyAated 
thalidomide metabolites also arise, only loinor in quantity, but 
analytically unambiguously detectable. Derivatives of 3- and 
4-hydroxyphthalic acid were IdentiJ^ied in the urine of the 
experimental animals by their characteristic fluorescence (248, 
254, 280}. 

The |iresunptlan tnat these hydroxylated metabolites of 
thalidomide represent the essential teratogenic principle had in 
any case been suspected relatively early (190) without however 
clear proposals having been devaloped on the molecular mechanisu. 
Only a vague glutamic acid antagonism was considered (19, 21) and 
the possibility of an interaction vith vitamins (thiamine, 
pyridoxal) was suggested (lio; < 

The appearance of hydroxyphthalic acid supports our hypothesis 
on the reactive metabolites. In the hydroxyl derivatives ws do 
not parceive the actual. teratogenically active substance, but 
rather the non-toxic secondary products of the latter, since the 
real active compound is the unstable intermediate epoxide. 

This of course does not mean that the hydro^tylated metabolites 
hava already lost their teratogenic potential completely. The 
-d-and fl-hydr-ojcyphthalic-acid-dBriYatiiies. can dsllnitelv still b e 
subject to a further attae)c of the teiGrosomal enzyme system, 
also happens in the bioactivation of the polycyclic aroaatic 
hydrocarbons (PAH) of the ben2o[a}pyrcnc type C^ig- 13) (40, 

114) r ' 

In fact it could be shovn that the easily vater-soluble 3- and 
4-hydrDacyl derivatives of thalidomide, for a*eint>le, inhibit the 
growth of cell cultures fro» mouse embryos in vitro. The 

synthesis of protein and RNA in the cells is lovered 
significantly under their influence (194). Also in incubated 
chic)cen eggs they elicit a malforTnation rate comparable vith 
that of thalidomide (19, 21), with the 4-hydroxy compound being 
clearly superior to the 3 -hydroxy derivative in its activity 



The suspicion suggests itself that the original thalidomide 
molecule to some extent Is the pro-teratogeja which eventually is 
transformed by vay of one or ttore intermediate metabolic steps, 
the proximal teratogens, to the ultimate teratogen » 



(21). 
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Expressed stmply< the process could be playe4 out aa follove: 
Thtt raaetivtt sposfids (poafllbly also a rurchar dlol epoxide) foma 
as an intermediata a earboniua ion vhich atcaeka a suitable 
acceptor in a nucleoptiilic reaction, tn the nomal case, this 
acceptor will be a vater toOlecule. The rasultin? diol can Chen 
be sponraneoualy stabilized to the hydroxy derivative referred to 
(Fig, 14), A reaction with flSH is also conceivable (cf- Fig- 9), 

In the specific Case, the reactive interaediata step in all 
probability attacks a nucleic acid. There are srrounda for the 
assunption that the exe-situated avino group of guanine reacts 
preferentially with the epoxide vith fonaation of a eovalant 
K-aryl derivative (Fig. 14) (ill) ■ 

Bioactivation of ))BnzQ[a]pyrene 




Benzofaipyrena (BP) 
"precarcinogen" 



Bp epoxide 



EH 



"proidW 
cazcuiogen" 




BP diol epcodde 
"ultunate carcinagert" 



OH 



Fig. 13 AHH " aryl hydrocarbon hydroxylase (EC 1.14.14.2) 
EH « epoxide hydratase (EC 4.2.1.63) 

Prerequisite for this )cind of interaction is the fomation of a 
raacrive epoxide (arene oxide) or a Correspondingly stabilized 
carbonium ion- Understandably, only sufficiently "long-lived" 
carbonlua ions can react with the DKA nucleophiles present in lov 
concentration . 

(fe thus postulate that the active metabolite that is responsible 
for the teratogenicity of thalidomide and analogous compounds is 
an arene oxide. 
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Thla striking atareospecif icity is not ocherwiaa to btt observe* 
In th« otJiar effecra or thalidomide. In Uiair acuta toxicity in 
tha mousa, th« two optically active toras do not differ from each 
otter but each of thea differs clearly fron the racanate (59) , 
on tie other hand, the hypnosedative action i» not significantly 
different in all thxea Conns (59)- 

This finding encourages us in our opinion (1*2, 259) that the 
(desired) pharaacological activity of thalidoaide {sedative ^d 
antiinflaanmatory action) and its unpleasant side effects 
(smbryotoxicity, teratogenicity, neurotoxicity) are based on 
interactions of the active substance with different receptors. 

Going bacX to the initial (juastions the quite specific structure 
and conforwation of the s (-) -thalidoaide molecijle, as shown in 
Pig- IS, represents a mirror iaage of its bonding site^ that is, 
at the hypothetical thalidoaide-recaptor, which in our opinion is 
identical with the active center of the enzyme on which the 
activation of the molecule ta)ces place. All the innumerable 
aromatic conpaunda that do not display this additional structural 
feature and cannot fit this receptor are therefore not active in 
this way. 

The high degree of stereospecificity of the teratogenic effect 
has its counterpart in the carcinogenicity of the PAH. Of the 
many oxidized metabolites of benzoCaJpyrene, for example, only 
one, i.a* the (-) -enantiomer of BP-7.fl-dibydrodiol, and the diol 
epoxide formed from it (Fig, li), possesses outstanding mutagenic 
and carcinogenic activity. And precisely this diol epoxide is 
preferentially formed in vivo (lis, i74, 283). The persuasive 
power of this analogous model can hardly be denied* 

Btereospeelfieity of the biotransfoimation 

The properties of thalidomide summed up under the overall concept 
of "biological activity" are thus determined by its 
Staraochemistry, So far, there are no reports on a different 
biotransfonaation of R(+)- and S (-) -thalidomide. We must 
tiierefore have recourse to inferences by analogy if we wish to 
support our assumption that the (oacidative) metabolism of the 
enantiomers also goes differently. 

If the evidence is obtained that the S(-)-form is converted to a 
reactive arene oxide, but the R(+) -isomer is not, then this would 
supply the proof that the long-sought-after thalidomide receptor 
is identical with the arylhydroxylasa. As we have said, Ve can 
only suspect this at the present time; the experimental proof of 
a stereoselective metabolism based on this vorKing hypothesis 
should not, however, be long in coming. 

There are numerous reports in the litarature on stereoselectivity 
in the metabolism of drugs (112)- "e cite only two drugs, which 
are related to thalidomide by their Inide structure, to 
illustrate this fact-' 
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The phenytoln molecule has a prscniral centar, thac Is, 
eubS'Clturion on one of the tvo phenyl groups preducad asynmatry 
in iza Biddla C atom In the metaboll$iD, ona phanyX gfoup is 
selectively hydroxylatad. The ffinal etfect is that a. &ixt\ure oC 
the optically active iq* and p-hydrozy derivatives resulta 

(rig- 16) (4/ 

Tha route by which these netabolita? arise is clear from what has 
baan said. The connecting linJc wad found with the successful 
isQlation of the optically active 5-(3 , 4-dihyda:oxy- 
l,S-eyelohe3cadien-l-yl)-5-phenylhydantoin (rig. 16) with a 
rotation of -163' (32)* On heating vith acid, the dihydroscy 
derivative converts to a mixture of the tvo phenols (32) . 

Tha provisional final link in the cha.in of avidance v^e 
contributed by an e leg-ant vork in the course of vhich it was 
possible to produce a correlation between the embyropathic effect 
of the phenyltoin and the aEsmaed' covaient bonding of the 
intermediate arene oxide to the macroucleculee in the fetal 
tissue and in the placenta (15, 175) . 

Fhenytoin, as stated, elicits dose-dependent teratogenic effects 
In the mouse. By simultaneous administration of txichloropropane 
oxide (TCPO/ Fig. 11) , an apoxidehydratase inhibitor/ the rata of 
malformations is significantly raised. The (radioactively 
labelled) phenytoin is fixed in the fetus and in the placenta, 
awri i-fim Maou^fc of cov ale ntly bou nd teratogen In the tissues 
increases to the same extant as the number 'o'f~Maif onnari'ons ' 
(175) . Other inductors and inhibitors (phenobarbital, SK7 525 A) 
antagonize or potentiate the matabolism, and thus the teratogenic 
activity of phenytoin (39, 92, 262), 

Is ttia target of the ultimate tecatogan? 

In conclusion, ve want to return to the question of whether the 
nucleic acid really represents the point of attack of the 
•teracogen thalidomide, FundanentaXly, tAere is no question; the 
indications that argue in favor of this ara simply 
"Qvervhelming. " 

An interaction with nucleic acids was suspected fairly early and 
repeacadly (41, 77, 103 ^ 272, 273) and a covalent bonding to 
cercain call structures was also considered (5, 6, 23, 57, 246), 

Dannenberg and Sonnenbichler (41) found a distinct elevation of 
the *'melting point** of the DKA due to thalidomide. They 
considered the relationship of the thalidoioide teratogenicity 
vitih the PAH carcinogenicity in some way, but could not establish 
the relationship (41) , 
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Th&lldoDidti Is, however, not sierely teratogenic In tha womb^ It 
&l90 aXXcits embryotoacic afCftcts in tha offspring vben t^o aala 
p&rant is tr«4tad with tar»tog6h (86, 105, 170, 172, 173), 
Ttiia Xlnd ot affeCt can only occur dua co dvsaga to the genetic 
apparatus of th« g«r»-ceil9. . 

In nany kinds 6t tast systeaaa tfiaXidomlde exarta a cytostatic 
affect (IS, 38, 79, XAS, 154, 198^ 202, 203, 33S, 260, 2S5, 271, 
27a-276). This is a manif astation of tha iiOiibiting eetioA on 
tile function of the DKA and is causally identical With the 
taratogenic action. TUalidoaide also inhibits HNA lyntheals in 
different biological systeae (48, 194, 2X0). 

Finally J thalidomide ia also carcinogsnically active. It 
intensifies the oncogenesis due to methyl cholantlirene (197) , and 
in cna case evan alone triggers local tumora in the mouse (23 6) . 
Thus Che causatlva relation between teratogenicity and 
carcinogenicity Is 5 elf -evident. 

Vfty are Taglqtlmlde and supidialda not teratogenic? 

As e supplement and appendix to the above considerations^ one 
mora commant/stateBent "in our ovn causa." 

Of the thalidomide analogs synthesized in great numbers and in 
some cases tasted,, so far only two (non- teratogenic) candidates 
raise a claim to finding admission into therapy as successor 
preparations to tha erstwhile drug thalidomide, Taglutlalda and 
supidimlde (Fig- 5) . 

Taglutittide was developed by us (13 0-132), Supidinide by the then 
producer of thalidomide (2d4) . Both research groups, 
indpendently of each o-cher, came to the conclusion that it would 
be worth while and also justifiable to prepare an active 
substance that would retain the advantageous therapeutic 
properties of the original thalidomide without displaying Its 
undesirable side effects. These consideracions are in the 
meantime shared by other observars (7S)* 

Both preparations, Taglutimide and Suplmida, had in the meantiae 
been vary thoroughly and responsibly tested in dec ado-long work, 
They are in all probability suitable as effective and non- 
damaging drugs for use in human therapy. 

Taglutiaide does not contain an aromatic ring; bioactivation to a 
toxic metabolite according to T;he "arenc oxide hypothesis" is not 
possible. However, it still contains the intact glutarimide 
structure that was )uiQwn as the "pharmacophore" or "therapogenic" 
grouping (see Fig. 8) , 
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